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COGNITIVE MODEL: THE DUNNING-KRUGER EFFECT

Abstract: The process of "influence on the degree of a student's subjective self-assessment of their abilities,
skills, and competencies" was formalized. The introduced parameters and variables numerically measure how much
the manifestation of one factor is greater or lesser than the manifestation of another factor. This made it possible to
calculate all the model strengths of the manifestations of a student's subjective self-assessment of their abilities, skills,
and competencies and evaluate the daily values of the degree of assessment over 25 days.

The model deviations of the parameters zii*ci1 (the k-th manifestation factor (out of 4) were found in the i-th
practical session. The matrices Ums (rang(Ums)=4) and Yma (rang(Yms)=1) were modelled separately such that
WMU maUma=l4s, Yme=Umads4, Zma=YmaCTss (rang(Zms)=4). The matrix of values of z-variables z1,2,,23,24
Zme=YmsC'44 has a covariance matrix, not a correlation matrix, since its pseudo-eigenvectors satisfy the relations
CnaaCastlas, CaaCTaa=las. A system of multi-meaning equations with 4 semantic unknown variables was developed,
one of its solutions was found in the form of a phrase from a compound sentence. A formula for the magnitude of the
degree of subjective self-assessment of a student's abilities, skills, and abilities has been derived: y; = 0.8385*z;+
0.1778*2,+(-0.9491)*25+(-0.9491)*z4. The new meaning (Y1) is constructed as the sum of newly obtained z-meanings
from the meaning equation meaning(y:) =0.8385*meaning(z1)+0.1778*meaning(z2)+(-0.9491)*meaning(zs)+(-
0.9491)*meaning(z:). The following extracted knowledge inspires optimism: the phrase with new meaning (y1)
contains the words — with a strength of (0.9491)? which reduces “his inability to recognize the full depth of his
incompetence is more severe” and “after training, his ability to recognize the level of his previous incompetence
greatly increases.” With this knowledge, the model predicts a return to an accurate assessment of one's abilities,
skills, and abilities in the future. The model demonstrated predictive ability.

Key words: The Dunning-Kruger effect, the degree of subjective self-assessment by a student of his abilities,
skills, and abilities, stimulating factors in a student, a cognitive model of the process, Inverse Principal Component
Model.
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Science, 07 (159), 1-14.

Soi: https://s-0-i.0rg/1.1/TAS-07-159-1  Doi:

Scopus ASCC: 2600.

&os¥ef https://dx.doi.org/10.15863/TAS.2026.07.159.1

KOTHUTUBHAA MOJEJIb: 9OPEKT JTAHHUHT' A-KPIOT'EPA

Annomayusn: Ilposedena opmaruzayus npoyecca «euusiHue HA CMENneHb CYObeKMUGHOU CAMOOYEHKU
CMYOEeHmOM C80UX CROCOOHOCHENU, HABLIKOG, YMeHull. Beedennvle napamempul, nepemennble YUCIeHHO U3Mepsiomn,
NOKA3bl8AIOM 80 CKOAbKO Pa3 Nposiélielue 00H020 akxmopa bonvue/MeHbue NPossieHuss 0py2oeo gaxmopa. dmo
NO360NUNO  GBIMUCTUMb BCE MOOEIbHbIE CUNbL NPOSAGLEHUU CYObLEKMUBHOU CAMOOYEHKU CMYOEHMOM CE0UX
cnocoonocmeil, HABLIKOB, YMEHUU» U OYEeHUMb 00HOOHe8Hble BeIUudUHbL Cmenenu oyenku 3a 25 owneu. Hatioenwvl
Mooenbible omKionenus napamempos zin*Ci (K-2o paxmopa npossnenus (uz 4), 6 i-om npaxmuxyme. Omoensro
mooenuposanucs mampuysl Uns (rang(Ums)=4) u Yma (rang(Yma)=1) maxue, umo (1/m)U"maUms=l1,Yma=Umad 44,
Zma=YmaC"ss (rang(Zms)=4). Mampuya 3nauenuii z-nepemennvix z1,22,23,24 Zma=YmaClas, umeem xosapuayuonnyro, a
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He KOPPEeISIYUOHHYI0 Mampuyy, ubo ee ncegdocobcmeernuvle 8eKkmopul y0081emeopsiiom coomuouteHusim CqsCas=aa,
C24Criss=\aa. Paszpabomana cucmema MHOLOCMbICIOBbIX YPAGHEHUN C 4 CEMAHMUYECKUMU HEU3BECHHbIMU
nepemMeHHbIMU, HAUOeHO 00HO ee peuieHue 6 6ude Ppaszvl U3 CILONCHOCOUUHEHHO20 NpednodiceHus. Buiseoena
Gopmyna genuuunbl cmeneHu CyObeKmMuUHOU CaMOOYEHKU CIYOEHMOM C80UX CHOCOOHOCMEN, HABLIKOS, VMEHUIL:
y1=0,8385*2,+0,1778*2,+(-0,9491)*23+(-0,9491)*24. Hoswlii cmovlca(yl) KoHcmpyupyemcs Kaxk CyMMa 6HO8b

NOJIYYEHHbIX Z-CMDbICII08

U3 CMblCI06020 YpABHEHUs

cemoren(y1)=0,8385 *emvicn(zy)+0,1778 *cmolen(z2) +(-

0,9491) *cmuircn(z3)+(-0,9491) *cmovlen(zs). Onmumusm éuyuiaem ciedyiowee ussieuenHoe 3nanue: Gpaza Hoeo2o
cmvicna(yy) cooepacum crosa — c cunoti (0,9491)? ymenvuiaem «e2o necnocobmocms 0Co3HaABaMb 6CIO 2yOUIY C60€i
HeKOMNemeHmHoCmu 0ojiee CUIbHAY U «NOCe 00YYeHUsl O4eHb CULLHO NOSGISEMCS ) He20 CHOCOOHOCIb 0CO3ZHAMb
VPOBeHb CBOell NPEedICHE HEKOMNEMEHMHOCTUY. DMUM 3HAHUEM MoOelb npednoiazaem 8 Oyoyujem 6036pawyenue K
NPABUIbHOL OYEHKe C80UX CNOCODHOCH e, HABbIKOE8, yMeHull. Modenb npossuia npoSHO3HYI0 CHOCOOHOCb.
Knrouesvie cnosa: dpgexm [annunea-Kprocepa, cmenenv CyObeKmMUSHOU CAMOOYEHKU CMYOEHMOM CEOUX
CnOCOOHOCME, HABLIKOG, YMEHUL, CIMUMYAUPYIOWUEe PaKmopsl y 00y4aiowe2ocs,, KOHUMUBHAs MOOelb npoyeccd,

Obpamnas Mooens I'nasneix Komnonenm.

BBeaenue

O¢pdexr Hanrunra-Kprorepa (D/K), wacto
YIIOMHUHAEMBIH B TOJUTHYECKOM  KOHTEKCTE,
CTPEMUTEIHHO TPEBPATWICA B IIUPOKO HM3BECTHYIO
MICUXOJIOTHYECKYI0 KOoHuenuuioo. OH  ONHCBHIBaeT
CBOETO pojia ABOMHYI0 mpobiemy [1-15]. Ecou BB
noABepKeHbl  jeiictBuio  dddekra  JlaHHMHra-
Kprorepa, To He TOJIBKO Majo 3HaeTe O MpeaMeTe —
4TO caMo Mo cebe IUI0X0, — HO W NIpeObIBacTe B
JIO)KHOM yOexeHun, OyJTO Balld 3HAHUS TOPa3/o
obmmpHee, yeM Ha camoM fene [11,15]. B mupe, rae
MHEHHUSI DKCIIEPTOB DETYJISIPHO HWTHOPHPYIOTCS, a
MHOTHE HHTEPHET-NOJIb30BATENN IIOJIATaloT, dYTO
pa3OuparoTcsi B MEAWIMHE W BHENIHEH IOJIHMTHKE
Jdydmie TeX, KTO MNpoQEecCHOHATBHO H3Yydal STH
JUCUUILIMHBL, 3¢dexr Jlannunra-Kprorepa, mno-
BUIUMOMY, MHOroe oObsicHseT. Jliogu, He
obyajiatolue HaBbIKAMH MM 3HAHUSMHU B Kakoii-
100 obmacty, TaKxe CTpPajaioT oT
«METaKOTHUTUBHOTO Jeduiuray. MeTakorHuums —
3TO pa3MbIIUIEHHE O COOCTBEHHBIX MBICIUTEIBHBIX
mporeccax; OHa  OTJIMYAeTcsi OT  OOBIYHOTO
MBIIIIEHHS, 33J€HCTBOBAHHOTO NPH PELICHUH 33134
WY TIPOXOXKICHUH TecToB. [lo MHeHMIo /laHHMHTA 1
Kprorepa [11,15], JIFOH, HE BJIAJIEIOIIHUE
JOCTaTOYHOH wnHpOpManuer, 3a4acTyro paxe He
ocosnaror storo. Crares «The Dunning—Kruger
effect revisited» (2017) moaTBepkmaer, UTO
HEKOMIIETCHTHbIE JIIOJM  [EpPEOlLCHUBAIOT  CBOM
CIOCOOHOCTH HM3-32 OTCYTCTBUSI METAallO3HAHUS, a
BBICOKOKBJIU(PHIIIPOBAHHBIE JFOTA CKJIOHHBI
HeJ00lleHUBaTh ~ CBOM  ycmexu. VccienoBanue
3amuinaer Teopuro dpdexra Janaunra-Kprorepa ot
KPUTHUYECKHUX 3aMEYaHHUi. Cytb >ddekra
M3JIOKUM B paMKax BTOpPOTO  OKCIIEPHMEHTa,
ONMCAaHHOTO B OpHUIMHAIBLHON crathe Kprorepa u
Hannunra (Kruger and Dunning 1999). Crynenram
KOJUIE/KA TIPEJUIOKIIIM IPOUTH TECT Ha JIOTHYECKOE
MBIIIICHHEe W3 JBaJLATH BONPOCOB, B3SATHIX H3
BCTYIHUTEJILHOTO dK3aMeHa JUisl IOPUINYECKIX BY30B
(LSAT). Ilocne BBIMOTHEHUS 3aJaHAN KaxXIOTO
CTyJleHTa TPOCHJIHM OIICGHHTh CBOM pe3yJbTaThl (C
NPUMEHEHHeM  TOJBKO  CBOMX  CIIOCOOHOCTEH,
HaBBIKOB, YMEHHIl) MO CPaBHEHUIO C OCTAJIbHBIMH

YYacCTHUKaMH (MCIIOJIB3YS MPOICHTIIIFHYIO IIKATY), a
TaKkXKe CIPOTHO3HPOBATH KOJMYECTBO TIPABIIIBHBIX
orBeroB. [IpencraBmss pesymbraTel, Kprorep wu
JaHHUHT pa3fe’duiaN YYaCTHHKOB HA  TPYIIIBI
(Hampumep, 25% y4aCTHUKOB C CaMbIMHU HHU3KHMH
pesynbratamu, creaywomue 25% u Tak nanee).
Knaccugeckuif  pe3ynbTaT 3TOTO  HCCIEAOBaHMA
NOKa3aJId Ha PUCYHKE - TMIIOTETHYECKOM Tpaduke,
KOTOPBIM s TOCTpoMiM Ha KomibioTepe. Jlromu,
MIOKA3aBIIMEe HU3KHE PEe3yNbTaThl 10 CPaBHEHUIO C
OCTabHBIMU, CyIIECTBEHHO MIepeOTIeHUBAIN
Ka4yecTBO CBOETO BEHITIONHEHHUS Tecta. M1 HaoOopoT:
VYACTHHUKH, TIOTABIINE B BEPXHIO TPYIIY,
HECKOJIbKO  HEJOOICHHWBAIA CBOM  JIOCTHDKCHUS.
[omoOHEBIE Pe3yIbTATHI HEOJHOKPATHO
BOCTIPOM3BOAMINCE PAa3HBIMHU HCCIEAOBATEISIMU B
Pa3nuHbBIX J1a00paTOPUsIX B XOJE IKCIIEPUMEHTOB C
y4acTHeM CaMbIX pa3HbIX HCHBITyeMbIx [1-7].
Haubonee pacipocTpaHeHHbIH TOAX0A K H3MEPEHUIO
s¢¢dexra Jlanuunra-Kprorepa 3akimoyaercs B
COIIOCTABICGHUH CAMOOLIEHKH C  OOBEKTHBHBIMHU
pe3ynpTaTaMi BHIIONHEHHUA 3amaHus. CaMOOIeHKY
CTyACHTa WHOTJA  HA3bIBAIOT  «CYyOBEKTHBHOM
CIIOCOOHOCTBIO» B  TIPOTHBOBEC  «OOBEKTHBHOU
CHIOCOOHOCTH, COOTBETCTBYIOIIIEH  peatbHBIM
pe3ynbrataM.[8] CaMoOLl€eHKa MOXET MPOBOIUTHCS
Kak J10, Tak ¥ mociye BoeinojHeHus 3ananus.[10] Eciu
OHa NIPOBOJUTCS TOCNE, YYaCTHUKH HE IOJYy4YaloT B
IpoIrecce BBINNOJHEHHWS HUKAKUX  HE3aBUCHUMBIX
MOJCKa30K O TOM, HACKOJBKO XOpOLIO OHH
CHpaBWIINCh. Tak, eciod 3aJaHue Ipearosaraer
OTBETHl HAa BOMPOCHI BHUKTOPHHBI, YYaCTHHKaM HE
coobmiaercs, OBUT M  KOHKPETHBIA  OTBET
MIPAaBHUIIHHBIM.

Hcxoannie JaHHBIE

CrnoBecHast MOJIeTTh TO3BOJISIET (POpMaH30BaTh B
MMO3HAMONIYI0 MOJENb SBICHHE «CYOBCKTHBHAS
CaMOOIleHKa  CTyJeHTa CBOMX CII0OCOOHOCTE,
HaBBIKOB, ymMeHHiD» (3ddexr Janamura-Kprorepa).
HcxoaHpIMA TaHHBIMHE SIBJISIIOTCSI CMBICITBI  (JaKTOPOB
CaMOOIICHKH:

1 Wnmo3ust TpeBOCXoACTBa (MUK TIYIIOCTH):
(«cyOBeKTHBHOM cIOCOOHOCTBION? (CMBICI(Y1)));
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2 He CHOCO6HOCTB aICKBATHO OLCHHUBATH Z[ByMH KOJIMYCCTBCHHBIMHU I10Ka3aTCiIsIMHU,

JICWCTBUTENILHO BBICOKUI YPOBEHb YMEHHI, HABBIKOB
y Apyrux(cmpici(yz));

3 He cnocoGHOCTH OCO3HaBaTh BCIO TIyOHHY
cBO€l HEKOMIIETEHTHOCTH(CMBICII(Y3));

4 Tlocme oOydeHWss y HHX IIOSBIACTCS
CIOCOOHOCTh OCO3HATH YPOBEHB CBOCH IMpeXHEH
HEKOMIIETCHTHOCTH, Ja)XX€ €CIM WX HMCTHHHAs
KOMIIETEHTHOCTb TI0CJIe OOy4YeHHs NMPAKTHYECKU He
MEHsIeTCSl.

PesynpraTbl B CpaBHEHHMH C
CBEPCTHUKOB (CMBICI(Ya)).

rpynmnoi

@®opmasnmzaums  SIBJIEHUS] «CyObeKTHBHas
caMOOLIEHKA CTYJAeHTOM CBOHX cHOcOOHOcCTeid,
HABBIKOB, yMeHUiI» (3¢ pext Jannunra-Kprorepa)

W3meperne CyOBEKTHBHBIX M OOBEKTHBHBIX
criocoOHOCTEH MOJKET OCYIIECTBISATHCS B
aOCOIOTHBIX MJIM OTHOCHTEJNIFHBIX MOKa3aTessix. [Ipu
HCTIOJIb30BaHUH a0COJIFOTHBIX nokasaresnei
CaMOOIIGHKa M  pe3yJNbTaThl OIICHUBAIOTCS IO
OOBEKTHBHBIM  KpUTEpUSIM —  HampuMep, IIo
KOJINYECTBY IIPABUIIBHBIX OTBETOB B BUKTOpHUHE. [Ipu
UCTIONIb30BAaHUM  OTHOCHUTENBHBIX  ITOKa3aTelei
pe3yIbTaThl CPAaBHUBAIOTCA C MOKA3aTeNIMH IPYIIIIEI
CBEPCTHUKOB. B 3TOM ciydae y4aCTHHKOB MPOCST
OLICHUTH CBOM PE3yJbTAThI 10 CPABHEHHIO C APYTUMH
YYaCTHUKaMH — HaIpUMeEp, OINpPEEINTh, KaKoi
MPOIICHT CBEPCTHUKOB (CKONBKO cTyneHTOB u3 100)
OHM TIPEB30OIUIHN 1Mo OamraM 3a sk3ameH.[17][13][3]
Oddexr dannunra-Kprorepa HabmIr0macTcs B 000uX
CllydasiX, OJHaKO OH, KaK IpaBHJIO, 3HAYUTENIBHO
Oonee BBIpaXEH MpPH OLEHKE B OTHOCUTEIBHBIX
MOKa3aTessax: JIOAN (CTyAeHThl He HCKJIIOYeHHe)
00bIYHO MeHee TOUYHBI, OLICHHBasi CBOM yCIeXH Ha
(¢oHe rpynnbl CBepCTHMKOB, YeM IIPHU IPOCTOM
MIPOTHO3MPOBAHUH CBOETo (hakThieckoro Oasma.[18].
[No3Haromast MosieNIb 1aeT pe3yIbTaT, PaBHOIIPABHBII
¢ 00BEKTHBHBIMH PE3yJIbTaTaAMU JKCIIEPHMEHTOB IO
npoBepke 3¢ dekra JJanauara-Kprorepa. OcHOBHOM
MHTEpeC JUIA UcciieoBaTeae 0OBIYHO IPECTaBIIsECT
KOPPEISIHS MEXIY CYOBEKTUBHOM (Z-TIepeMEHHBIMH
21,22,23,24) i 00BEKTUBHOM CIIOCOOHOCTBIO
(u3MepsieMOil OMHOM |, JIMHEHHOW KOMOWHAIMEH
Y1=21%C1+22*Co+Z3*C3+24*Cq, Tie BekTOP C1=(C1,C2,C3,
C4) MMEeT pealbHble 0OBEKTUBHO MOJICIUPOBAHHBIC
«Becay (C1,C2,C3,C4), co3maromiie OOBEKTUBHOCTD
BBIYHMCIIEHHOU epEeMEHHOI
Y1=21*C11+22*Co1+23*Ca1+24™C41:C11=COIT(Z1,Y1),
C21=COrr(z2,y1), C31=COrr(zs,y1), Ca1=COrr(za,y1).[8]

Jnst yrpoleHys: aHau3a MOJTy4YEeHHbIX JaHHBIX
peanbHble 00BEKTHBHO MOJICIMPOBAaHHbIE «Becay (Ci,
C2, C3, C4) (OOBEKTHBHBIC PE3yJbTATHI) JENSAT Ha
yerelpe Tpynmel (mo mkane Ysmmoxa): 0,1-0,3:
Crnabast; (0,3— 0,5]: Ymepennas; (0,5 —0,7]: 3ameTHas
(wmu cpenmsist); (0,7 — 0,9]: Beicokas; (0,9 — 0,99]
(1,0): Becema BBICOKas (CHIIBHAS ). JTa SMIHPHIECKAS
IIKaja,  UCTHOJb3yeMas B CTaTHCTHKE  JUIA
Ka4eCTBEHHOH OIEHKH CHIIBI (TECHOTHI) CBA3H MEXTY

XapaKTepu3yeMbIMH K03 (QUIIMEHTOM KOppeIsILuu
(corr(*,*)). OT HwKHEro WHTepBaia (yJaCTHHKH C
CaMbIMH HU3KUMH pe3yJbTaTaMH) JIO BEPXHETO
uHTepBana (y4acTHHKA C CaMbIMH BBICOKHMMH
pesynpratamu).[3][8]  Hambomee  BBIpa)KCHHBIH
3¢ eKT HEKOMIIETEHTHOCTH (MaKCHMAaIlbHBIE «BECa
C1,C2,C3,C4 B TMHEHHON KOMOMHAIIMK Y1=Z1%C1+Z2*Cot

Z3*C3t+z4™Cy, rae 012(01,02,03,04)T — 1-p1it
COOCTBEHHBIH BEKTOD, COOTBETCTBYIOLIHH
MaKkCHMAalbHOMY  COOCTBEHHOMY  YHCIYy A1)

Ha0JI0jaeTCsl y YYaCTHHKOB M3 BEPXHEro MHTepBasa:
TIPY OLICHKE B OTHOCHUTENIBHBIX NIOKA3aTeIIX CYOBEKT
CKJIIOHEH CYHTaTh, YTO  OH BXOAUT B YHCIO
YYaCTHUKOB JIByX BEpXHHX HHTCPBAJIOB: BEICOKHII M
oueHb BbICOKHHA. [losToMy B O3 MBI IOKHBI
Ha3HaYUTh LEJIeBYIO GbyHKIHIO BUIA
cli1+c?a1tc?3+c?s , KOTOpas MAKCUMHU3UPYETCs HpU
orpaHudeHUAX CasCs4=las, C 4sCastlas (umcmoBric
GopMyItbl  C?1j+C%+C%5+C%=1, C1+C2o+C2a+Cu],
=1,...,4) Aw=diag(4.,0,0), Ai=4, orpaHUYCHHAMH
c41>0, u ¢ ynpasnstomumMu napamerpamu ¢11<0.5000,
€21<0.7000  ¢31<0.5000 ¢41<0.9000. mnpenenom
KOTOPOH SIBJISIETCSI MAKCUMAJIbHOE 3HaYEHHE 11eJIeBOi
Qynxkuuu  Buga  ciitc?utclatc®a. Yenosue
Aas=diag(4.,0,0), A1=4 BBOmUTCA [UIA TOTO, YTOOBI
NONYyYHTh OXHO (He 4)  CMBICIOBOC YpaBHCHHE
y1=0,8385*2,+0,1778*2,+(-0,9491)*z3+(-0,9491)*z4.
[TosicHenue  BBIOOpPa  BEPXHUX  TPaHUI
«IOIyCTHMOI HEKOMIIETCHTHOCTH» 4Yepe3 3HauCHUS
4-x mapameTpoB cienymomiee. 3HaueHue 0.5 g
nmapameTpa  COrr(zi,y1)=c11<0.5000  dopmanusyer
(dpazy «cTeneHp WLTIO3UU JIMYHOTO MPEBOCXOJICTBA Y
ctyneHta (B cmbicne (pasel  cmbicia(Zi)) He
NPEBOCXOUT IPaHUIIBI HHTEPBAJIa YMEPEHHAs CBSI3b
C mepeMeHHOM Y; (mo mkane Usamoka) ¢ CMBICIOM
cMBICi(Y1)». DTa TpaHHLA JAOMYCKaeT YMEPECHHYIO
CTENeHb HEKOMIIETCHTHOCTH (B cMbIcie (pasbl
CMBICNA(Z2)) Y CTYICHTA, BO3MOYKHO CTPEMSIIETOCS
«CIBUHYTb TpPaHUT Haykw». 3Hauenue 0.7 s
mapamerpa  COIr(Zz,y1)=c21<0.7000  dopmanuzyer
(bpasy «CTerneHp WLTIO3UH JMYHOTO IPEBOCXOACTBA (B
cMmbicie  (pa3sl  cMmbicia(Zz)) 'y CTyAeHTa He
NPEBOCXOUT I'PAaHMIbI MHTEPBaJa «BBICOKAs CBSI3b C
nepeMeHHOH Y1 (mo mxame Ysamoka) co CMBICIOM
cMmpicn(Y1)». OTa TpaHHUIA JIOMYCKaeT CHIIbHYIO
CTENEeHb HEKOMIIETEHTHOCTH (B KOHTEKCTe (hpasbl
cMBICa(Z2)) y CTYICHTA.
3HaueHue 0.5 JUTSt napamerpa
corr(zs,y1)=c21<0.5000 popmanusyet ppa3y «cTeneHb
WITIO3UHN JIMYHOTO MPEBOCXOJICTBA (B CMBICiE (hpasbl
cMbIcia(Z3)) y CTYAEHTa He NPEBOCXOAMT TPAHUIIBI
HHTEpBaa «BBICOKAasi CBS3b C IEPEMEHHOH Y1 (110
mkaige Ysamoka) cO CMBICIOM CMBICI(Y1)». OTa
rpaHuia JIOIyCKaeT YMEpeHHYIO CTEMNeHb
HEKOMIIETEHTHOCTH (B KOHTEKCTE (ppasbl cMbIcia(Zs))
y crynmenta. 3nHauenme 0.9 s mapamerpa
€orr(zs,y1)=c41<0.9000 popmanusyer Gppasy «cTerneHb
WUTIO3WN JTMIHOTO TIPEBOCXO/CTBA (B CMBICIE (Ppa3bl
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cMbIcia(Z4)) y CTYAEHTa HE NPEBOCXOAMT TPaHHIIBI Ass=diag(A1,...As)=diag(4.0000,0,0,0)  ornmuaercs

UHTEPBAJa «OYEHb BBICOKAs CBSA3b C MEPEMEHHOM Y1
(mo mkane Ynsgmoka) ¢ cmbiciaoM cMmbIci(Y1)». OTa
TpaHWIa JOMYCKAeT OYCHb BBICOKYIO CTEICHB
HEKOMIIETCHTHOCTH (B KOHTEKCTE (hpassl cMbICTa(Z4))
y CTYJICHTA.

DTH TpaHWIBl TOBIMSIA HA BBIYHCICHHBIC
snavenus (C11=0,6132; C,; =0,6905; C31=0,4973;
Cx=0,8757), monyuennsle nupu pemenun O3 c
YYETOM YCJIOBUS MaKCHMyMa IIEIEBON (YHKLIUK BHIA
c?rtclatclatcar. €11<0.5, €21<0.7000 c31<0.5000
¢41<0.9000.

OnTuMuzannonnas 3agaya

Onrumusanuonnas 3anada (Isa, Aaa)=>(Cas,Asa).
Ilycte osmemeHTHl HewsBecTHOW MaTpuil  Cag
TICEBIOCOOCTBEHHBIX BEKTOPOB W3 TMaphl MAaTPHII
((Cas,A44), Aaa)=diag(4.0000,0, 0,0) ymoBIeTBOPSIOT
yCIIOBUSM: 3HaueHHs KoMnoHeHT Nel, Ne4 1-ro
TMICEBJIOCOOCTBEHHOTO BEKTOPa MMEIOT 3HaK MUHYC: -
1<c11<0, -1<c41<0; 0) coOIFOAAIOTCS OTPAHUYCHUS HA
MaTpully IICEBJOCOOCTBEHHBIX BEKTOPOB  BHJA
C44C"44=l44, C"24Castl4a, TiE 3HAUEHHS KOMIIOHEHT 1-
ro NICEBJJOCOOCTBEHHOTO ~ BEKTOpA  SIBIISFOTCS
JMHEHHONW KOMOWHAIIMEeH HEU3BECTHBIX 3HAUCHUS Z-
W3MEHUMBOCTEH C c-mmapameTpamu:  Yi1=C11*Zi+
C21*Zip+C31*Zis+Ca1*Zia, i=1,...,m; B) BBIIOJHEHBI
yCIoBHA OXHO(AKTOPHOCTH TPOWU3BEICHUS MaTPHI]
BUJIA C44A44Cs4, rmue Cu - MaTpuLa
MICEBIOCOOCTBEHHBIX ~ BEKTOPOB  Taka, 49TO
Boinonustores  yeinoBUs:  CaaC4a=laa, C 44Caslsa,
Ass=diag(M1,...24)=diag(4.0000,0, 0, 0) - 3amanHas
Marpuia coOCTBeHHBIX ynces. Orpanuuenus a),0),B)
CYXaloT 00JacTb NOHCKAa HEW3BECTHBIX COCTABOB
HaOOPOB CHJI TIPOSIBJIICHUH BXOAAT B (OpMyJIbl 4-X Y-
MEepeMEHHbIX M SBISIIOTCS  CYLIECTBEHHBIMH
nmapamMeTpaMy KOTHUTHBHON MOJICIH.

Martpuma «BecoB» Cas SBISETCS CYIIECTBEHHBIM
00BEKTOM B MATPHIHOM CMEICIIOBOM PaBEHCTBE BU/IA
cMBICI( Y ma)=cMbICI(ZmaCas) - MpUMEHSIEMO
runoreze B Mozensix u3 [3-15]. MogaenbHas napa
(Cas,A44) matpury Bxomut [3-5,16] B HOBYIO CXeMmy
Ob6patHoit Mogenu [I'maBubsix Kommonent [21]:
((C44,A44):>(Ym4,Zm4), riae Cas — MOIENIBHAS MaTpuIa
[17,18] 3HAYEHUN «BECOB» (matpuna
MICEBJIOCOOCTBEHHBIX ~ BEKTOPOB,  JIMaroHajbHas
marpuna Az diag(4,0,0,0) sBusercss marpureit
COOCTBEHHBIX YHCEI, MATpPHUIBl CIyYaiHBIX YHCEIN
Y ma=UmaAY244, Zina=Y maC'a4) UTmaUma=las
Mojenupyrotces [17-21], uHTepmpeTupyroTcs Kak
MHOTOMEpHBIE BBIOOpKH [21] y-,Z—M3MEHYMBOCTEH.
OneMeHTHl  Yij, Y2j,...,ymj J-TO CTONOLA MATPHIBI
Ymi=UmaAY244 (j-ast y-nepemennas, j=1,...,4) umeror
cpenHee apudmMeTHIecKoe, paBHOe HYJIIO:
(L/m)(y1j*+Yojt... Tym)=0, ¥ QUCHEPCUIO PaBHYIO Aj:
(Im) (Y214 y2ot. .. +y2m) = Marpuna
MICEeBJOCOOCTBEHHBIX BeKTOpoB Cas Takas, 4TO
BoONHAIOTC  yCnOBUA:  CaaCs=las, C 24Cas#lsa,
Marpuia MICEBJJOCOOCTBEHHBIX qHCell

HaJIMYUEM HYJIEBBIX 3HA4YCHW: tr(Ags)=Ait...+A4=
4.0000+0+0+0. 3mecr omua matpuma Cas U3 mapel
Matpul] (Cas, Ass) MOIENMpOBANACH MPOTPAMMOIL
GRD2, ucxomst u3 HavambHbIX MATpuIl (a4, Aas),
UCTIONB3Ys OTPAHUYCHHS U YIPABISIOIUHA ITapameTp
¢12=0.5000. DT MomenMpyeMble MaTPHUIIBI TOJDKHBI
momuuHAThCS paBeHCTBAM: CaaC'a4=las, Cr42Castlaa,
tr(Asa)=Mt+ ... +A=4,  A=4, ¢1=0.5000 -
peryiaupyeMsIi napamerp =COorr(z.,y2) -
K03(D(HUIMEHT KOPPENSUU MEXY Z-TIEpEeMEHHON Z1
U Y—TIEPEMEHHON Y2=C12*Z1+C20*Zo+ €32*Z3+Ca2*24. A
TICEBJIOTNICEBJIOCOOCTBEHHOMY YHCIIY A1 Ha3HAYMIU
3HadeHne 4 A TOro, YTOOBI PaHIr MaTPHIBI
C4sA44C"44 Ob11 paBer 1. OHO gBNSETCS YCIOBHEM
CYIICCTBOBAHMS OJHOW JMHEWHOW KOMOWHAINH
KpUTEpHUEM OJHO(DAKTOPHOCTH COOTBETCTBYIOIICH
MHOTrOMepHOU BHIOOPKU Y ma=ZmaCas [21]. BBenmem B
W3TaraeMylo  HIKE ~ MOJeNnb  BBEICHH 4
CEeMaHTHUYECKHX NepeMeHHbIX (4 ¢pa3 CMBICIOB)
3aBUCHMBIX  Z-(DaKTOPOB, UM  COOTBETCTBYIOT
MOJICJIBHO ~ BBIYMCIICHHBIE  KOppEeNUpOBaHHbIE 4
YHUCIIOBBIE  Z-TIEPEMEHHBIC, paBHbIE 3HAYCHUSIM
OTKJIOHEHWH Z BIpaBo/BieBo OT 0 (M3MEHYHMBOCTH
nposiBiieHUH z-3nemenToB). K 3amanHeIM 4 uMeHaM-
CMBICIIaM  MOJICTIBHBIX ~ Z-TIEPEMEHHBIX, 00aBUM
orpanndeHns. Marpuna Cas4 CIIy’)KUT MHAMKATOPOM
[16-19] Hamuuust CKPBITBIX 3HAHUH, M[OITOMY
chopmupyem st Oyaymeit napst Matpuil (Caa, Ass) 2
HadaJIbHbIC HMArOHAJbHBIC CIUHUYHBIC MAaTPHIIBI
(lsa,1as). Tlpumensemass mnporeaypa GRD2 (u3
HaJICTPOUKH “ITouck peeHus”) nocie
MOCJIEIOBAaTENIBHBIX ~ NMPHONMXKEHUH  Impeodpasyer
matpunbl  (las,laa) B Marpuisl  (Cas,Assa). [na
npouenypsl  GRD2,  HeoOXxoaumbl  QyHKUIUH
orpaHuuYeHuH, momoramonme mnporeaype GRD2
YMEHBIIUTH PadOTy NMPH HOUCKE PeIICHUS (MaTpPHUIII
C44).

3a7aHbl OTpaHUYCHUS HA 3HAUCHUS [TapaMEeTPOB
U TICPEMEHHBIX MOJIEITH: a)3HaKu «BecoBy c1>0, €2<0,
¢3>0, c4>0,6) 3HaYeHUs BecOB 21, C%, C%, c%4 (CHIIBI
c?1, ¢?2, €23, C%4) IOJKHBI YIOBIETBOPSATH HEPABEHCTBY
JIOJDKHBI yIIOBJIETBOPSTH OrpaHUYEHUIO
c?1+c?tc®te?>1 gma Toro,  uToOBI  1-BIif
TNICEB/I0COOCTBEHHBII BEKTOP MOT UMETh 3HaUeHHS (110
a0coroTHOW BenuuuHe), Onm3kue kK 1. Pemaercs
Onrumusanmonnas 3amada: (1as,Asas)=>( Cua, Ass), e
nenesas (QYHKIMS uMeeT BHA c211+c?ortcatc?a,
KOTOpasi MaKCHUMHU3UpYETCS  IPH OTrPaHUYEHHAX
C44C"44=l44, . BbIO OMacenwue, uro npoueaypa GRD2
oTkaxeTcss uckath pemeHue (Cas,Ass). Ucronszyem
OTPaHUYECHUS: M+...tAs=4 Tpu H3MEHAEMBIX
3HaueHusAX 4%*4 snementoB marpuibl Cas, IMEIOIIEH
orpanuueHuss Ha CBOM  dyeMeHTBL:  Cas"Caalas,
CuasCs4=laa,Ass= (M\1,... M), tr(Aas)=M+...+A=4, HO
0e3 OrpaHW4eHWd Ha MOHOTOHHOCTD: Mm=4,
Ao=h3=A4=0. OCOOCHHOCTH HAHHOW Mapbl: MaTPHIIBI
NCEeBJOCOOCTBEHHBIX BeKTOPOB Cas U MAaTpPHUIIBI
TICEBJOCOOCTBEHHBIX YHCEII - COCTOMUT B TOM, YTO OHU
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MO3BOJISIIOT MOJETUPOBATh KaK KOPPEIUPOBaHHEIE Z-
MEepeMEHHBIE (C MOJO0XH TEIbHBIMM JTUCIEPCHAMU),
TaK W HEKOPPEIMPOBAaHHBIE y-TIEpEMEHHBIE (C
OmmkumMu k0 3HAUeHWAMH ~ JUCTIEPCHIA).
[Iprmmensiemas nponenypa GRD2 (w3 HaacTpoikm
“Ilomck pemeHus”) TMOCIE IIOCIEIOBATEIHHBIX
npubmmkeHuit  mpeodpaszyer MaTpumbl  (lss,lss) B
marpuisl  (Cas,A4a). s mpouenypst  GRD2,
HEeoOX0oAuMBbI (YHKIIMU OrpaHWYEHHH, TTOMOTaIOIIUe
nponenype GRD2 ymeHbmuTh paboTy mpH NOHCKE
pemenns (Matpuil Cas,Ass). OOpaiiacM BHUMaHHE Ha
BaXKHOCTb 3HAKOB «BECOB». 3HAKU ILIIOC UMEIOT BCE
«Beca», TOJBKO «BEC» Cp OTPHULATENEH, TaK Kak
YPOBEHb TIOBHHOBEHHUS Yy YUYHTENSd COXPaHIETCS
JoNnro. 3HaK MPU C1 MOJOXKUTEIEH: OH IOIINHSICTCS
aBTOPUTETY JI0 KOHIIA SKCTIEPHMEHTA, €TO 0’KUIAEMOE
3Ha4YeHHe paBHO, OnTUMH3AIMOHHAs 3ajgada IacT
pelIeHHe, WCIONb3ysd WMCIONINECs] OrpaHUYCHHS.
3HaK IUTIOC TIPH «BECE» C3J0JDKHO COXPAHATHCS, NOO
HalpaBliCHUE MPOSBICHUS cMbIcia «Becay c3 ()
MPOTUBOTION0XKHO HaIpaBJICHUIO MIPOSIBICHUS
cMbIciia C2 (TIOBUHOBEHHUIO YYHUTENs aBTOPUTETY).
3naku  c4<0 (momkeH ObITh MuHyC. Marpuna
Y ma=Zm4Cas MOZIEITBHBIX 3HAYCHUH Zkj COOTBETCTBYET
BBEICHHbIM Z-, Y-TIEPEMEHHBIM Yij=C1j*Zi1+Coj*Zix+
C3j™2i3+C4j*Zia M mapameTpam cij (u3 MaTpuiibl Cas).
[TocTranoBka 3amgaun. 3agaHsl BEIUYHHEI 16=4*4
«BECOB» (M3 MATPUIIBI IICEBJOCOOCTBCHHBIX BEKTOPOB
Ca4, COOTBETCTBYIOIIEH MaTPHIE COOCTBEHHBIX YHCEI
Aas=diag(4,0,0,0) mposBIICHWI, BBIYUCICHHBIX B
cucreMe u3z 4 CMBICIIOBBIX ~ ypaBHEHHMH ¢

CEMaHTHUYECKUMH  TEPEMEHHBIMU  CMBICI(Z1),...,
cMbici(Zs). TpeOyercss HaWTH  CEeMaHTHYECKOE
pelieHue cMmbici(Y1), UCTIONb3YS CHUCTEMBbI

MHOTOCMBICIIOBBIX YPaBHEHHUI, COOTBETCTBYIOIINX
CIHAY  Yms=ZmaCas,  CasC'24=las,  C'24Castlas
Ass=diag(4.,0,0), A1=4, orparmyeHmAMHU -1<c11<0, -
1<c41<0, u ¢ ynpasistronM napamerpom c¢12=0.5000.

KoncrpynpoBanne  ¢pa3  cmbicaa Y-
nepeMeHHOH B CMBICJIOBOM YPAaBHEHHUM SIBJIEHHS
«Cy0OBbeKTHBHAsI CaMOOLEHKAa CTYAeHTOM CBOUX
CIoco0HOCTel, HABLIKOB, YMEHMII»

Jns mapaMerpusaliii  CUCTEMBI CMBICIOBBIX
ypaBHeHI/Iﬁ C CCMAHTUYCCKHUMH TIEPEMEHHBIMU,
cMbICI(Zs),  cMBICH(Z2),  CMBICT(Z3),  CMBICI(Zs)
UCTIONB3YIOTCSL 3JEMEHTBl MaTpHuIsl «BecoB» Cas.
CMBICIIOBBIM yPaBHEHHSM COOTBETCTBYIOT YHCIIOBBIE
JIWHEHHBIE  ypaBHEHHS (C  HEW3BECTHBIMH  Z-
MepeMEHHBIMH, 3aBHUCSIINX OT HAaOOPOB M3BECTHBIX
3HAYCHUH MapaMeTpoB Ckj K-BIX Y-TIepeMEHHBIX Yk,
k€{1,2,3,4}), (hopMannM3nNpPyOIMX SIBJICHUE
«CyODbEKTHBHAsl CaMOOILIEHKa CTYAEHTOM  CBOHUX
CHOCOOHOCTEH, HAaBBIKOB, yMeHHUi». st dpopmyn z-
MEPEMEHHBIX HCHOIB3YIOTCS CTPOKH Matpumbl Cas

(Tabmuma 1). CoOcTBeHHBIE qucla
(4.000,0.000,0.000,0.000) HHTEPIPETHPYIOTCS
COJIEPXKATENBHO, OHH 0TOOpaXKaroT o0BeM

nHOpMaLUK, colepKaileiics B ciaydaiinoi K-oit y-

IIEPEMEHHOM.
embici(Z1)=0,6132*cmbica(y1)+0,4561 *cmbicn(y2)+
0,4561*cmbici(y3)+0,456 1 *cMmbici(Ya);
cMBICT(Z2)=0,6905*cMmbici(y1)+0,7233* cMbIci(Yz);
cMbIci(Z3)=0,4973 *cmbici(y1)+0,8676* cMbIci(Ys);
cMBICI(Z4)=0,8757*cmbici(y1)+0,4829*cMmbici(Ya).
CMBICII(Z4).

CucTeMa YHCIOBBIX JIMHEHHBIX aNreOpandecKux
ypasuenuii (CJIAY) nocne oTOpachiBaHUsI HYJIEBBIX
napaMeTpoB) UMEET BU:

7,=0,6132*y,+0,4561*y,+0,4561*y3+
0,4561*y.;

2,=0,6905*y,+0,7233*ys,;

73=0,4973*y; +0,8676*y3;

24,=0,8757*y,+0,4829%*y,.

3nech Z1,22,73,Z4 — HEM3BECTHBIC Z-TIEPEMEHHBIE,
BhIuKCIseMble (M0 (opMynam, COAEPIKALIMM Kak
MOCTOSIHHBIE, Tak © Clly4qaiiHbIe qucia
Zma=(UmaAY244)CT44) 1 3aBHCAIIME OT CIy4alHBIX
3HAYEHMH Y-TIepeMeHHBIX 13 MATPHUIB! Y ma=UmaAY%4
(Tabauma 5), Ass=diag(4,0,0,0).

OjeMeHThl CTONONOB MaTpHuubl Cas SIBISIOTCS
napaMeTpamy IpH Z-TIEPEMEHHBIX Oal0T OOpaTHYIO
3aBUCUMOCTD Y m4=ZmaCaa.

y1=0,8385%*z,+0,1778*2,+(-0,9491)*z3+(-
0,9491)*z4;

y»=0,4561*z,+0,7233*2,; disp(y2)=0,0000;

y3=0,4561*z,+0,4561*z3, disp(ys)=0,0000;

y4=0,4561*7,+0,4829%2,.

IlepBast Qopmyna ompeaenser BETUYHHY
OTKJIOHEHUsI OT HYJIsI «CYOBEKTHBHOW CaMOOLIEHKH
CTYJICHTOM CBOHMX CIIOCOOHOCTEH, HABBIKOB, YMEHU»
IO IIKaJle CTaHJaPTU30BaHHBIX Z-U3MEHYHUBOCTEH.

KonctpyupoBanue pas cmcna y-niepeMeHHON B
CMBICJIOBOM YPaBHEHUHU SBICHUS «CYOBEKTHBHAs
CaMOOIICHKa CTY/AECHTOM  CBOHX CIIOCOOHOCTEH,
HaBBIKOB, yMEHHI» HAYHEM CO CMBICIIA CMBICI(Z4). OH
umeer (Qpazy, cymmmpyemyo u3 2-x (pa3s:
cMbIci(Z4)=0,8757*cmbici(Y1)+0,4829*cmbici(Ya).
®paza umeeT BUA:  CcMbICH(Za)=  «Mmmo3un
coxpaHsIoTcs (IposBIeHHbIE ¢ cunol ¢241=0,87572)
u nocie o6ydenus HeMHoOro (¢ cunoit c¢244=0,4829?)
HOSIBJISIETCSL Y HEro CIIOCOOHOCTH OCO3HATh YPOBEHb
CBOEH MpeXHEN HEKOMIIETEHTHOCTU Y.

CwMmbIci(Z3) nMmeeT dpasy, CyMMHPYEMyIo U3 2-X
¢pas: cMbICI(Z3)=0,8757*cmbicn(y1)+
0,4829*cMmbici(ys). dpaza umeeT BHI: CMBICI(Z3)=
«Vnnro3un y CTyieHTa COXPAHsIIOTCs (IPOSIBICHHbIE
¢ cmoit ¢%*3=0,4973% a ero He CcHOCOGHOCTH
OCO3HaBaTh BCIO NIyOMHY CBOEH HEKOMIIETEHTHOCTH
Gonee cuibHa (¢ cuioit c23=0,86762).

CwMeIci(Z2) nMeeT (pasy, CyMMHpPYEMYIO U3 2-X
¢pa3. Dpaza wumeer Bua cmbici(Z2)=0,6905*
cmbIci(Y1)+0,7233*cmbici(y2). ®paza
cMbIcna(Z2)=« 03U CTyJIeHTa  COXPaHSIOTCS
(npostBiennslie ¢ cuinoit =0,69052) u coxpansiercs (¢
cwioit  =0.72332) He CcmOCOOHOCTH aJEKBATHO
OLICHUBATh  JICHCTBUTEJILHO BBICOKHMH  YpPOBEHBb
YMEHHH, HABBIKOB Y JIPYTHXY.
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Cwmbicn(zy) umeer ¢pazy, cymmmpyemyro 4 CMBICIIOBOMY  JIHHEHHOMY  KOHCTPYHPOBAHHIO

¢pasbl (IPOSBIIEMBIX C CHIIAMH 4-X Y—TIEPEMEHHBIX
W3 ypaBHEHH:): cMBICH(Z1)= «Vmmo3nn y cTyneHTa
COXpaHAIOTCS (IPOSIBICHHBIE C CHIION ¢%41=0,6132,
€CIIA TIPOSIBIIAOTCSA (HAKTOPHI : a) ¢ cMBICTOM(Y?2) — €
cunoit ¢%;=0,4561%; 6) ¢ cmbicioM(ys) — C cuiIoi
c?1=0,45612, B) c cmeicioMm(Ys) — C cHION
c211=0,4561%». CMbICIIOBBIE ypaBHEHHS (8 WITYK)
TMO3BOJISIIOT M3BJIEYb OTHOCUTENIBHO HOBBIE 3HAHUS,
00OCHOBaHHBIC YHUCIOBBIMH gaHHbIMU. [Jms WU
Npe/CTaBIsieT MHTepec (paza HOBOTO CMbICIA Y-
HNEepEeMEHHOH Y.

HosBblil cMmBICH(Y1) KOHCTpYHpPYETCS Kak CyMMa
BHOBb IIOJIyYCHHBIX Z-CMBICIIOB W3 CMBICIIOBOTO
ypaBHEHHSA
cMbIci(Y1)=0,8385*cmbIci(z1)+0,1778*cmbici(Z2)+(-
0,9491)*cmbici(z3)+(-0,9491)*cmbici(Za).
OnTtuMHU3M  BHYIIAET CIEAYIONIEE H3BICYECHHOE
3HaHHUe: (ppa3a HOBOTO cMBICTA(Y1) COACPIKUT CIOBA —
c cunoii (0,9491)? ymeHbIIaeT «ero HECIOCOOHOCTH
0CO3HaBaTh BCIO MIyOHHY CBOEH HEKOMIIETEHTHOCTH
Oosiee cuiIbHAa» M «IOCie OOyYeHHs OYEHb CHJIBHO
MOSIBJISIETCS Y HEro CIOCOOHOCTh OCO3HATh YPOBEHb
CBOEH MpekHEel HEKOMIIETEHTHOCTH». DTUM 3HAHUEM
MOJIeIb TMperoiaraeT B OyaylieM BO3BpallleHHEe K
MPaBHJIBHOM OIIEHKE CBOMX CIIOCOOHOCTEH, HABBIKOB,
YMEHHH. Mogens MIPOSIBUIIA MPOTHO3HYIO
CHOCOOHOCT®.

Bbime MBI OmmMpanuck Ha 3JIEMEHTHI TEOPUH
Pa3rOBOPHOTO S3bIKa HCKYCCTBEHHOTO HHTEIUIEKTa
[16-33] MOMYyNSApPEeH  «IPUHLUMI  JIMHEHHOro
MbIIUIeHUs».  UucnoBbM ypaBHeHHAM u3 CJIAY
COOTBETCTBYET MAaTPUYHOE CMBICIOBOE PaBEHCTBO
BHUIA cMBICT( Y ma)=cMBICT(Zm4Cas), rae
CMBICT(Zma)=CMBIC(Z1)D. .. DcMbICI(Z4),
cMBICT(ZmaCa4)=cMBICT(ZmaC1)D. .. DCMBICT(ZmaCs),
Ci,...,C4—TICEBJOCOOCTBEHHBIC BEKTOPHI. JIMHEHHOE

YHUCIIOBOE  PABEHCTBO  COOTBETCTBYET  (hpasam
CMBICIIOB KaXIOH IepeMeHHOH, a cymma ¢pa3
CMBICIIOB CEeMaHTHYECKUX MepeMEHHBIX

cMBICI(Z1) DeMBbICT(Z2) DCMBICI(Z3) DCMBICI(Z4)
JIOJDKHA COOTBETCTBOBATH HMX CYMMapHOW (pase
(cmbica(y)) ©e3  KOTHHTHBHOTO  JUCCOHAHCA.
CMBICIIOBOMY JTHHEHHOMY KOHCTPYHUPOBAHHUIO
MHOTOCMBICJIOBBIX ~ JIMHEWHBIX ~ YpaBHEHHH, TJe
JMHEHHOCTh BBIpRKEHA uepe3 ciaraemble (Qpasbl,
o0pasyiollylo  HOBYIO  OCMBICIEHHYIO  (pa3y.
IMoncraBum B paBeHCTBO Yma=ZmaCas 3HaAUCHHS
anemeHTOB Matpuubl Cas (Tabmuma 1). B Teopun
Pa3roBOPHOro s3bIKA HCKYCCTBEHHOTO HWHTEIICKTa
[3,4] momynsapeH «IPUHIUT JTUHEHHOTO MBIIUICHHS.
MarpudHoe CMBICIIOBOE€ ~ paBEHCTBO  BHuja
cMBICI( Y ma)=cMBICT(ZmaCas), rae
CMBICI(Z ma)=cMBICT(Z1)D. .. DcMbIci(Zs),
CMBICT(ZmaCaa)=CMBICTI(ZmaC1)D. .. DcMBICT(ZmaCa)
TOYHO COOTBETCTBYET CMBICIIOBOMY pAaBEHCTBY U
JMHEHHOMY 4YHCJIOBOMY paBeHCTBY Yms=ZmaCaa.
JluneiiHOe  YMCIIOBOE PABEHCTBO YJOBJIETBOPSET

MHOTOCMBICIIOBBIX ~ JIMHEHHBIX ~ YpaBHEHHH, TIe
JMHEHHOCTh BBIpaK€Ha dYepe3 ciaraemble (passl,
0o0pa3ylolIylo  HOBYIO  OCMBICICHHYIO  (ppasy.
[oncraBum B paBeHCTBO Yms=ZmaCas 3HAUCHUSA
anemeHToB Matpuisl Cas (Tabmmma 1). Cucrema
HE3aBHCHMBIX CMBICIIOBBIX ypaBHCHHI
cmbicn(y1)=0,8530*cmbici(z1)+1,0000*cmbic(zo+
1,0000*cmbicn(z3)+1,0000*cmbici(Zs);
embici(y2)=0,5000%cmbici(z1);  cmbica(ys)=-0,1057
*eMbIcI(Z1); eMbIci(Ys)=(-0,1057)* cmbicn(zy).

Jlnst SICHOCTH BOCIIPUSITHSL IIArOB M3BJICYCHUS
3HAHHMH U3 CMBICJIOBBIX PABEHCTB 3aMETHM: B MOJIEITH
BEITIONIHEHBl ~ OTpPAaHWYEHUS  (CMOTpUTE  pas3men
OnTuMu3alMoHHas 3ajada) Ha 3HAKH 8 3HAYCHHM
mapaMeTpoB u3 MaTpuisl Cag. VI3 3THX orpaHudeHUit
ais VA Baxubl  GopMynbl  C21j+Cj+C%+C%4=1,
C2j1+C2j2+C233+C2j4¢1 S =1,...,4, c12=0.5 -
yrpasistonuii napametp. s j—oil y-mepeMeHHOR
3HA4YE€HUsI BECOB Czlj,CZZj,Cz3j,C24j (mMoryT wuMmeTh
3HAYCHHUs, OnM3kue K 1) «U3MEpSAIOT»  CHITBI
NPOSIBJICHUI C UI3MEHUUBOCTSAMU Zi1,Zi2,Zi3,Zi4, KAXKI0EC
ciaraeMoe B (hopMysie Y-IIEepeMEHHOH HMeeT BUJ
npousBeneHus Ci*Zik (oTkiIoHeHue Zik oT 0 K-oit z—
NEpEMEHHOM, TpHCyIIee «Becy» Ckj). Ksaapatsr
3HAYCHUH «BECOBY» C1j,C2j,C3j,C4j HHTEPIPETUPYIOTCS
KaK Beca (JONM LEJNOro) C2qj,C%j,C%;,C%j, paBHble 4
CHJIaM MPOSIBIICHUH Kaxa0ro K—ro z-¢akropa. Cymma
c%,c%;j,C%;j,C%j He paBHa 1, Tak Kak B CTONOLAX
Matpupl  Cag pACIIOJIOKEHBl  B3aMHO
OPTOTOHAIIBHBIE BEKTOPHI, HECJUHUYHBIX JUTUH. DTO —
anredpangeckoe 00oCHOBaHKE MOJIETBHBIX
OIpaHquHHﬁZ C44CT44: | 44, CT44C44¢I44,
Aas=diag(A1,...As)=diag(4,0, 0,0). HaGops! u3 4 BecoB
U3MEPSIOT CHJIBI TIPOSIBIICHHH B j—TON Y-TlepeMEHHOMN
(c HyneBoil gaucmepcmeil):  C%j+C2+C2%+C%=1,
disp(yj)=0, j=2,...,4. HyneBas aucnepcus Y-
MEpEeMEHHON O3HaYaeT HEeM3MEHHOCTh 3HAYCHHUU Y-
TepeMeHHOH OpH  TOCTOSHHBIX  3HAYCHHAX
(C1,C2j,C3j,C4j). TlocrostHHBIE 3HAQYEHUS «BECOB)
(€1j,C2j,C3j,C4j)) MOryT mMeTh HeHyNeBYyw (Yii*Cj1i70,
yini#0, i=1,...30) wnu nmynesyio (Yi*Cx=0, j=2,...,4,
yii=0, k=1,...,4, i=1,...30) y-U3MEHYHUBOCTH, HO Z-
W3MEHYMBOCTH BCET/Ia HEHYJIEBBIE, TAK KaK 3HAYCHUE
Zi=paBHO IJTMHEHHON KOMOWHAIIMH DIEMEHTOB i-Oi
cTpoku (rme 1-plif  ee DIEMEHT HEHYJIEBOI)
YMHOXXaeTCSI Ha HEHYJIEBOE 3HAUCHHE «BECay.
[TosTomMy B HeHyneBbIe 3HaueHHS B cTONOmMa Nel w3
Tabnuier 5 peoOpa3yroTcs B HEHYJIEBBIE IIEMECHTHI
BceX cToJIOOB MaTpuilbl Zms (Tabmuna 6).

Tak Kkak C%1+C%p+C%3+C%=1, To paBeHCTBa
6211:0,61322, 021220,45612, 021320,45612,
€?14=0,4561% COOTBETCTBYIOT HEOJMHAKOBBIM JOJAM
CWJIaM TIPOSIBIICHUH Y-(PakTopoB VY1,Y2,Y3,Ya. Ho momst
Kaxaoro Z-paxkropa Zz,Z3,Zs CUIbHEE MpOSIBICHA B
BEJIMYMHE «CYOBEKTHBHAs CaMOOIICHKA CTYACHTOM
CBOMX CIOCOOHOCTEH, HABBIKOB, YMEHHIA», YEM JIOJIS
¢axropa Y1, paBHas c’11=0,61322. 1o cune BOMAHUSA
(daxkTop Y1 OTHOCHUTCS K WMHTEpBAIY «3aMeTHas» -
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¢?1=0,6132> (0,5 — 0,7]. JluHamuka 3HaYEHHI
CyOBEKTHBHBIX OIICHOK BIHUSIOMIUX (DaKTOPOB (OHH
paBHBI n3-3a 0HO(AKTOPHOCTH MOJICTIH:
A44:diag(4,0,0,0)) Czl*Zi22031*Zi3:C41*Zi4, izl,..., 25,
3a 25 3aHATHN MMeeT mMUHAMUKY. s 4-pakTopHOit
MOJIENIN ATHX PABEHCTB HE OyAeT. 3HAUCHUS «BECOBY
T GaKTOpPOB  VY2,Y3,Y4 OTHOCHTCA K WHTEPBAILY
«BbIcoKas» (0,5 — 0,7] no mkane Ysamoxka.

MoaennpoBaHue YHCIOBBIX MATPHI Ym4, Zma
Y- W Z-TepeMeHHBIX [Jf cucTeMbl u3 4
MHOTOCMBICJIOBBIX YPaBHEeHMit

Marpuna Y ma=ZmsCss MOCIBHBIX 3HAUCHUH Zkj
COOTBETCTBYET BBEACHHBIM Z-, Y-TIEPEMEHHBIM
Vij=C1j*Zi1+Coj*Zio+ C3*Ziz+C4j*Zi4 M mapameTpam cij (113
Matpunel Cas). IlepBasg y-mepemMeHHas MOIEIHPYET
NpPOSIBICHUS. Y1, COOTBETCTBYIOIIME  BEIHUHHE
CTEIICHHU, OCTaJbHBIC Y-TIEPEMEHHBIE Y2, Y3, Y4 OyayT
MHTEPIPETHPOBAHBl, HAWAEHBI HMX CMBICHBL. JTa
MOJIeJIb JOIMYCKAeT CYIIEeCTBOBAHUE CKPBITHIX 3-X Y-
(axTopoB C HYJIEBBIMH JHUCIEPCUSIMH B
MaTeMaTHYECKOW UYMCIOBON MOJENH, TNl OTHACNIBHO
MojenupoBanuch MaTtpuipsl Ums (M3 MaTpHIsl
PaBHOMEPHO pacHpeAeTICHHBIX CIy4alHBIX YHCeNd
VO (Tabmuuma 3)) u Yme [17] Takue, uro

(U/m)UTmaUms=las
(Tabnuua 5),

(Tabmuna 4),
A44:diag(4,0,0,0),

Y ma=UmaAY244
3aTeM

MOIENUPOBaTach MaTpuia Zma=Y maCT4s (Tabmuma 6).

Martpuna

Zma=Y maC a4, C"44Cas7144, C44C"44=144. MaTpuuipt Zimg
comepKar
(OTKITOHEHMIA oT
Z-paxropam
Y(t)m4 t=1,...,,

n Y ma
U3MEHIMBOCTEH
COOTBETCTBYIOILUX
SKCIIEPUMEHTA.

3HAYCHUN

Z1,22,23,Z4

Matpuua

Z-TIEPEMEHHBIX

MOICIBHBIC

peanbHBIM

S3HA4YCHUA

obecrieunBaeT CIy4aHOCTh 3HAYEHUH y- H Z—
orknonenuit u3 Matpuil (YOms, ZOms). B matpuue
Ymsa d7eMeHTBI 1-TO cTONOUA Yij,Y21,...,.ymt (j-as y-
NepeMeHHasi IMeeT He HyJIeBble 3HaUeHHsI, CTOJIOLBI C
HOMepamu j=2,3,4 MMEIOT HyJIeBblC 3HA4YEHUs, n0OO
Ax=diag(4,0,0,0)). Bce  cTomOumBl  MaTPHIIEI
Ym=UmAY24 (Tabmuua 5) wuMeloT — cpemHee
apupmeTndeckoe, paBHOoe HymIO: (1/m)(yijt+yoyt...
+Ym)=0, aucmepcuio pasHylo A (1/m)(Y+y+
o Y2mi)=Ni, j=1,...,4, Opu 3ToM cymMma aucHepcHil
paBHa 4: Mi+...+A4=4. MaTpunsl Zms, Y ms IPABEICHBI

B Tabmumax 5 u 6.

Tabauua 1. Moaenbnas marpuua Cs4 nceB10c00CTBEHHBIX BEKTOPOB
JJ1s MaTpUubI codcrBeHHbIX uncea As=diag(4.000,0.000, 0.000, 0.000),
noJiy4eHHasi Tauubi-nporpaMmmbl OntumuzanuoHHoii 3agaun: (L, 144)=>(Caa,A44)

c1 c2 c3 ¢4 CyMmMa KBaJIpaToB
0,6132 0,4561 0,4561 0,4561 1,0000
0,6905 0,7233 0,0000 0,0000 1,0000
0,4973 0,0000 0,8676 0,0000 1,0000
0,8757 0,0000 0,0000 0,4829 1,0000
1,8670 0,7312 0,9607 0,4411 4,0000

Ta6auuna 2. HayanbHble 3Ha4eHusi 31eMeHTOB MaTpuubl Ca4 10 pemieHusi OnTuMu3auMoHHoi 3agaun
(144, A 42)=>(Cuaas, Asa)

1 2 3 4
211 1,0000 | 0,0000 | 0,0000 0,0000 1,0000
221 0,0000 | 1,0000 | 0,0000 0,0000 1,0000
Z3| 0,0000 | 0,0000 | 1,0000 0,0000 1,0000
Z41 0,0000 | 0,0000 | 0,0000 1,0000 1,0000

1,0000 | 1,0000 | 1,0000 1,0000 4,000

€12= | 0,5000
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MNowck pelweHna

YCTaHOBUTb LLENEeBYIO AYeKy: $C%8 e
PaBHoii: -0
(®) MaKcuManbHOMY 2HaueHnio () HaueHHIo: e
() MMHMMANBEHOMY 2HAUEHMID
M3mMeHan AYerku:
$Cs4:4F$7 . MpeanonoXmuTh
OrpaHnyeHus: [lapameTpbi
$C$4 <= 0,6132 [obasuTb
£C%5 <= 0,6905
$C$6 <= 0,4973 N2mMeHUTE
$C$7 <= 0,8757 BoccTaHoBHTL
$G$4:5G$7 = 1 Ynanutb
Cnpaeka

Pucynok 1. Bux Tadauubi-nporpammbl Onrumusannonnoii 3apaun: (I, A 42)=>(Cas A 44)
B MO/ieJIU ¢ 4 Z-TiepeMeHHbIMHU, 4 y-IlepeMeHHbIMH

PEBY_J'I bTaTbl MOWMCKa pelueHWnA

PelweHune HaligeHo. Bce orpaHnyeHus

W YCNoBHA

ONTHMaNbHOCTH BbIMOMHEHbI. Tun oTyeta
PeayneTathl
(®) CoXpaHuUTb HaileHHOE peLleHue: Ycron4mnsocTe
Mpenenoi
(C) BoccTaHOBUTh MCXOAHbBIE 2HAUEHUS

OTmeHa COXpPaHnTb CLeHapwi...

Cnpaeka

PucyHok 2. Bux taéanusi-uporpammbl Onrumusannonuoii 3agaun: (Laa, A 44)=>( Caa A 24)

B MOJ¢€JII C 4 Z-IePEMEHHbLIMHA, 4 Y-nepeMEeHHbIMHA

Taéauua 3. Matpuua Vmni 3Hauennii paBHOMEPHO pacnpeaeeHHbIX

B UHTepBaJe [-1;1] cayqaliHbIX YHce

No Yo VO, Vo, Vo,

Ne 1 2 3 4
1 | -0,698355 0,10910367 0,769829 0,580553606
2 | -0,356059 0,3447676 -0,56462 0,985900449
3 | -0,336467 -0,744499 -0,23234 0,877681814
4 | -0,923765 0,49143956 -0,57726 0,468245491
51 0,703116 0,21561327 -0,96649 -0,507187109
6 | -0,562853 0,45298624 -0,58696 -0,150608844
7 | -0,426069 -0,6508072 0,027253 0,429853206
8 -0,4326 -0,8472854 0,30015 -0,544663839
9| 0,274514 -0,2687765 0,31315 0,628040407

10 | -0,249794 0,43626209 0,461653 0,411236915

11 | 0,656056 0,12808618 0,630848 0,751762444

12 | -0,655751 0,17270425 0,454085 0,55528428
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13 | 0,680471 0,22458571 -0,78484 0,229102451
14 | -0,333415 -0,3935362 0,958251 0,602893155
15 | -0,072054 0,10019227 -0,63341 0,54136784
16 | 0,125217 0,95892209 -0,02561 0,560716575
17 | 0,355083 -0,0442824 0,271828 0,761650441
18 | -0,398053 -0,7206336 -0,73199 0,390850551
19 | 0,302347 0,08999908 -0,92651 -0,655629139
20 | -0,914487 0,54765465 0,064425 0,924680319
21 | -0,247902 -0,8737754 0,191198 0,163975951
22 | -0,446089 0,02462844 -0,00534 -0,973021638
23 | 0,836482 0,48857082 -0,1088 0,80425428
24 | -0,892392 0,85448775 -0,70952 -0,989867855
25 | -0,405255 -0,8711509 0,107212 -0,90295114
-0,1767 0,0090 -0,0922 0,2378
0,2995 0,2834 0,3022 0,4382

Taoauna 4. Marpuna Ums U-H3MeHYHBOCT el

Ne Ui Uz us Ug
1] -1,0071 0,1881 | 1,5905 0,5549
2 | -0,3463 0,6308 | -0,8718 1,2111
3| -0,3084 -1,4157 | -0,2587 1,0359
4| -1,4424 0,9064 | -0,8951 0,3731
5] 1,6988 0,3882 | -1,6133 -1,2059
6 | -0,7455 0,8341 | -0,9130 -0,6287
7] -0,4814 -1,2397 | 0,2203 0,3109
8 | -0,4940 -1,6088 | 0,7239 -1,2666
9| 08712 -0,5219 | 0,7479 0,6318

10 | -0,1411 0,8027 | 1,0219 0,2808

11| 1,6079 0,2237 | 1,3341 0,8320

12 | -0,9249 0,3075 | 1,0079 0,5140

13| 1,6550 0,4050 | -1,2781 -0,0140

14 | -0,3025 -0,7563 | 11,9382 0,5911

15| 0,2021 0,1713 | -0,9987 0,4915

16 | 0,5830 1,7847 | 0,1228 0,5228

17| 1,0268 -0,1001 | 0,6716 0,8480

18 | -0,4273 -1,3708 | -1,1806 0,2478

19 | 0,9250 0,1522 | -1,5395 -1,4462

20 | -1,4244 1,0120 | 0,2889 1,1120

21 | -0,1374 -1,6586 | 0,5228 -0,1194

22 | -0,5201 0,0293 | 0,1602 -1,9600

23 | 19563 0,9010 | -0,0307 0,9170

24 | -1,3818 1,5885 | -1,1392 -1,9872

Philadelphia, USA

2 Clarivate

Ana lytics indexed



ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) =6.630
impact Factor:  [SHOUALUADZ 1% pih sk 010, pi (10 - o
JIF =1.500 SJIF (Morocco) =6.004  OAJI (USA) = 0.350
25| -0,4412 -1,6536 | 0,3679 -1,8465
0,0000 0,0000 | 0,0000 0,0000
1,0000 1,0000 | 1,0000 1,0000
Taoauna 5. Marpuna Yms y—M3MeHYHBOCTei
No V1 Y2 Y3 Y4
1] -2,014288 0,0000 | 0,0000 0,0000
2 | -0,69251 0,0000 | 0,0000 0,0000
3| -0,616852 0,0000 | 0,0000 0,0000
4| -2,88471 0,0000 | 0,0000 0,0000
5 | 3,397508 0,0000 | 0,0000 0,0000
6 | -1,491045 0,0000 | 0,0000 0,0000
7 | -0,962852 0,0000 | 0,0000 0,0000
8 | -0,988072 0,0000 | 0,0000 0,0000
9| 1,742456 0,0000 | 0,0000 0,0000
10 | -0,282165 0,0000 | 0,0000 0,0000
11| 3,215787 0,0000 | 0,0000 0,0000
12 | -1,849773 0,0000 | 0,0000 0,0000
13 | 3,310065 0,0000 | 0,0000 0,0000
14 | -0,605067 0,0000 | 0,0000 0,0000
15| 0,404179 0,0000 | 0,0000 0,0000
16 | 1,165946 0,0000 | 0,0000 0,0000
17 | 2,053574 0,0000 | 0,0000 0,0000
18 | -0,854668 0,0000 | 0,0000 0,0000
19 | 1,849933 0,0000 | 0,0000 0,0000
20 | -2,848885 0,0000 | 0,0000 0,0000
21 | -0,274858 0,0000 | 0,0000 0,0000
22 | -1,04016 0,0000 | 0,0000 0,0000
23 | 3,912502 0,0000 | 0,0000 0,0000
24 | -2,763563 0,0000 | 0,0000 0,0000
25| -0,88248 0,0000 | 0,0000 0,0000
0,0000 0,0000 | 0,0000 0,0000
4,0000 0,0000 | 0,0000 0,0000

Tabauua 6. Marpuna Zms Z—M3MeHYMBOCT el

No Z1 Z7 Z3 Z4
1| 12352 |  -1,3909 | -1,0017 |  -1,7639
2| -04246 | -04782 | -03444 |  -0,6064
3| 03783 | -04259 | -0,3068 | -0,5402
4] -1,7689 |  -19919 | -14346 | -2,5261
5| 20834 | 23460 | 16896 |  2,9752
.
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6| -0,9143 -1,0296 -0,7415 -1,3057

7] -0,5904 -0,6648 -0,4788 -0,8432

8| -0,6059 -0,6823 -0,4914 -0,8653

9 1,0685 1,2032 0,8665 1,5259

10 | -0,1730 -0,1948 -0,1403 -0,2471
11| 1,9719 2,2205 1,5992 2,8161
12 | -1,1343 -1,2773 -0,9199 -1,6198
13 | 2,0297 2,2856 1,6461 2,8986
14 | -0,3710 -0,4178 -0,3009 -0,5299
15| 0,2478 0,2791 0,2010 0,3539
16 | 0,7150 0,8051 0,5798 1,0210
17| 1,2593 1,4180 1,0212 1,7983
18 | -0,5241 -0,5901 -0,4250 -0,7484
19| 1,1344 1,2774 0,9200 1,6200
20 | -1,7469 -1,9672 -1,4168 -2,4948
21 | -0,1685 -0,1898 -0,1367 -0,2407
22 | -0,6378 -0,7182 -0,5173 -0,9109
23 | 2,3991 2,7016 1,9457 3,4262
24 | -1,6946 -1,9082 -1,3743 -2,4201
25| -0,5411 -0,6094 -0,4389 -0,7728
0,0000 0,0000 0,0000 0,0000
1,5041 1,9072 0,9892 3,0674

Tabauua 7. YnopsizoueHHble 0 YOLIBAHUIO 3HAYEHU I
CHJI CTENEeHH YTOMJICHHUS C3*Z31, yMEHbIIAKIIHeCs CHJIbI POsiBIeHUI (aKTOpoB
€1%Z1, €2*Z2, C3*Z3 B TeUeHHUe 25 NpaKTHYECKUX 3aHATHH Ha KOMIIbIOTEpe

V1 c1*z1 c2*22 C3*23 C4*Z4 No

-2,8847 | -0,7574011 | -0,6343 |  -0,8045 | -0,8045 4
-2,8489 | -0,2603936 | -0,2181 |  -0,2766 | -0,2766 20
-2,7636 | -0,2319451 | -0,1943 |  -0,2464 | -0,2464 24
-2,0143 | -1,0846922 | -0,0084 | -1,1521 | -1,1521 1
-1,8498 | 12775113 | 1,0699 | 13569 |  1,3569 12
-1,4910 | -0,5606542 | -0,4695 |  -0,5955 | -0,5955 6
-1,0402 | -0,3620462 | -0,3032 |  -0,3845 | -0,3845 22
-0,0881 | -0,371529 | -0,3112 |  -0,3946 | -0,3946

-0,9629 | 0,6551884 | 0,5487 |  0,6959 |  0,6959 7
-0,8825 | -0,106098 | -0,0889 | -0,1127 | -0,1127 25
-0,8547 | 12091816 | 1,0127 | 12843 | 12843 18
-0,6925 | -0,695541 | -0,5825 | -0,7388 | -0,7388 2
-0,6169 | 12446315 | 1,0424 | 13220 |  1,3220

-0,6051 | -0,2275139 | -0,1905 |  -0,2416 | -0,2416 14
-0,2822 | 0519772 | 01273 | 01614 | 0,1614 10
-0,2749 | 04384123 | 03672 | 04657 | 04657 21
0,4042 | 07721731 | 06467 | 08201 | 0,8201 15

.
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1,1659 | -0,3213674 | -0,2691 |  -0,3413 | -0,3413 16
1,7425 | 0,6956013 | 0,5826 0,7388 | 0,7388 9
1,8499 | -1,0712213 | -0,8972 | -1,1378 | -1,1378 19
2,0536 | -0,1033506 | -0,0866 | -0,1098 | -0,1098 17
3,2158 | -0,3911151 | -0,3276 |  -0,4154 | -0,4154 11
3,3101 | 14711563 | 12321 15626 | 1,5626 13
3,3975 | -1,0391391 | -0,8703 |  -1,1037 | -1,1037 5
3,9125 | -0,3318252 | -0,2779 | -0,3524 | -0,3524 23

3aki0ueHne

[TpoBenena opmanmzanus npouecca «BIHSHUE
Ha CTEleHb CYOBEKTHBHOW CaMOOIICHKH CTYAECHTOM
CBOHMX CITIOCOOHOCTEH, HABBIKOB, YyMEHUI1. BBeIcHHBIC
IapaMeTpsl, TEPEMEHHBIE YHCICHHO H3MEpSIOT,
MOKA3bIBAIOT BO CKOJBKO pa3 IPOSBICHHE OJHOTO
(hakTopa OoIbIIe/MEHBIE TIPOSIBICHUS IPYTOTO
(haxTOpa. ITO MO3BOMIIO BEIYHCIUTD BCE MOJICIIBHBIC
CHIIBI TIPOSIBJICHMH CYOBEKTHBHOH CaMOOLICHKH
CTYZIEHTOM CBOMX CIIOCOOHOCTEH, HABBIKOB, YMEHHI»
Y OLIGHUTH OJIHOJJHEBHbIE BEJIMYMHBI CTEIICHU OLICHKH
3a 25 nHel. BrIpakeHbl YUCIEHHO B BUE JTHMHEHHOMN
KOMOMHANMK 3HaueHHd 16=4*4 mnapameTpoB mpH
HEH3BECTHBIX 4-X Z-TIEPEMEHHBIX, BbIJIEJIEHA TOJIBKO |
JIMHEelHas KoMOMHANWs, paBHasl Y-TiepeMeHHoH Yi. B
Hel HuCHonb3yloTcs 4 Y-IepeMeHHBbIe M HalJeHa
(opmyna onieHkn. HalineHsl MOAEIbHBIC OTKIIOHEHHS
napameTpoB zi1*Ck1 (K-ro daxropa nposiienus (u3 4),
B 1-OM MPaKTHKyME. OTIEJIBFHO MOJEIHUPOBAINCH
marpuipl  Uma(rang(Ume)=4) u  Yma(rang(Yms)=1)
takue, u9to (1/M)U"maUma=laa,  Yma=UmaAY?4,
Zma=YmaC"4s (rang(Zms)=4). Marpuma 3HadeHHi z-
HepeMEHHBIX  71,72,23,Z4 Zma=YmaClas, uMeer
KOBapHAI[MOHHYIO, a HE KOPPEJSILIMOHHYIO MaTpHILy,
n6o ee TMICEBI0COOCTBEHHBIE BEKTOPHI
YIOBJIETBOPSIOT COOTHOUIEHUSIM C"24C 4% 44,
C44C"14=l44. PazpaboTaHa cucTeMa MHOTOCMBICIIOBBIX
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ECONOMIC EFFICIENCY OF CRM SYSTEMS IMPLEMENTATION

Abstract: The purpose of the article is to assess the economic efficiency of implementing CRM systems using the
example of the international company Samsung and the national supermarket chain Korzinka. The methodological
basis consists of comparative analysis, systematization, generalization and case analysis, supplemented by a system
of quantitative and qualitative indicators (ROI, CAC, CLV, Customer Retention Rate, Conversion Rate). According
to the results of the study, the global CRM systems market will grow to $163.16 billion. By 2030, with an average
annual growth rate of 14.6%, CRM remains the largest segment of the global enterprise software market. The case
analysis showed that the Korzinka network's comparable sales increased by 9.3% (to 9.4 trillion soums), the revenue
of the Korzinka Go online service increased by 188%, and the active audience of the loyalty program reached 1.8
million people; Samsung's implementation of personalized digital solutions is accompanied by an increase in the
average receipt by 35% and retention of 68% of clients for more than five years. The scientific novelty of the work is
to compare the economic effect of CRM for companies of various scales — a multinational corporation and a national
retailer — in the context of the digital transformation of the Uzbek economy. The practical significance of the results
lies in the possibility of using the presented indicator system when selecting and evaluating the effectiveness of CRM
solutions by domestic enterprises.
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3KOHOMMNYECKASA 9@PEKTUBHOCTDb BHEJAPEHUS CRM-CUCTEM

Annomayusn: Llens cmamvu cocmoum 6 oyenke IKoHomuueckou spgexmuenocmu enedpenus CRM-cucmem na
npumepe  MejiCOYHApPOOHOU  KOMnAuuu  Samsung u HAYUOHANbHOU cemu  cynepmapkemos Korzinka.
Memooonozuueckyio 0CHO8Y COCMABAAIOM CPABHUMENbHBIU AHANU3, CUCTeMamu3ayus, 0000weHue U Kelc-aHanus,
OONOJIHEHHblE CUCMEMOU KOuYecmeeHuvlx u Kauyecmeennvix noxazamenei (ROI, CAC, CLV, Customer Retention
Rate, Conversion Rate). [lo pesynbmamam uccie006anus yCcmaumosneHo, 4mo mupogoi pvinok CRM-cucmem
svipacmem 00 163,16 mapo doan. CLLUA xk 2030 200y npu cpednezodosom memne pocma 14,6%, a CRM ocmaémcs
KDYRHEUWUM Ce2MEHMOM MUPOB020 PbIHKA KOPROPAMUBHO20 NPOSPAMMHO20 obecneuenus. Keiic-ananusz nokasan,
umo y cemu Korzinka conocmasumvie npodadicu svipocau Ha 9,3% (0o 9,4 mpan cym), 6bipyuka OHAQUH-CEPEUCA
Korzinka Go — na 188%, a akmuenas ayoumopus npo2pammul 10s1bHOCHY 0ocmu2na 1,8 Man 4enosex; y KoMnanuu
Samsung enedpenue nepcoHaIU3UPOBAHHBIX YUPPOBLIX PEUleHUli CONPOBONCOAETNC POCMOM Cpednezo yeka Ha 35%
u yoepoicanuem 68% KiueHmos Ha npomsdcenuu 6onee namu aem. Hayunas HO8U3HA pabomvl 3aK104aemcs 8
conocmasneHuy 3KoHomudeckozo agppexma CRM y xomnaunuil pasnuunoco macuimaba — MHOSOHAYUOHANLHOU
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KOpRopayuu u HAyUOHAIbHO20 pumeilepa — 6 YClo8usx yugdposo mpanchopmayuu sKoHomurku Yzbexucmana.
IIpakmuueckas 3HAUUMOCHb PE3YIbMANOE COCIOUN 8 603MONCHOCHIU UCHONb308AHUS NPEOCHABIEHHOU CUCHEMbl
nokasameinei npu evloope u oyenke s¢pgpexmusnocmu CRM-pewenuti omeyecmseHHbLMU NPEONPUSMUAMU.

Knrwueevie cnosa. CRM-cucmema,

IKOHOMUYecKas

appexmusnocms, yugposas mpancpopmayus,

KIUEeHmcKas J10AJ1bHOoCNnlb, noKasameniu 3d)qbel<mu6Hocmu, K@ﬁC'aH(l}ZHS’, L;uqbpoeaﬂ OKOHOMUKA.

BBeaenue
AKTyaTbHOCTH UCCIICIOBAHUS YCIITUBACTCS TEM,
YTO pa3BUTHE MU(PPOBOH SKOHOMHUKH 3aKpEIUICHO Ha

YpOBHE HOPMAaTHUBHO-TIPABOBBIX JTOKYMEHTOB
PecrryOmmmkn  Y30ekuctan. 3akoH  PecrmyOnmku
V36ekncran ot 11.12.2003 r. Ne 560-II «O6

uHbOpMaTu3amum» (GHOPMHUPYET MPABOBYID OCHOBY
UCTIONB30BaHUsT MHGOPMALMOHHBIX  PECYPCOB U
UH(POPMALHOHHBIX CHCTEM cyOBeKTaMu
npennpuauMarenasctBa  [1].  Ykaz  Ilpesunenta
Pecnyonmkn Y36ekucran ot 24.05.2023 r. Ne VII-76
«O wmepax 1o 3(deKkTUBHOH  opraHu3aLUH
rOCYApCTBEHHOTO YNpPAaBICHHS B cepe HUPPOBBIX
TEXHOJIOTHH B paMKax aJIMHHHCTPATHBHBIX pedopmM»»
OlpeneNsieT OCHOBHBIC HAamlpaBlCHUS LUPPOBOI

TpaHcopmanmu cdep, OTpacieii U PETHOHOB,
CTUMYJHPYS BHEJ[PEHHE COBPEMEHHBIX
MH()OPMAMOHHBIX TEXHOJOTHH B JEATEIHHOCTD
npeanpustuit  [2].  MHcTUTynMOHanbHas  cpena,
OpHeHTHpOBaHHas Ha uudpoBuzanuo OusHec-
nporieccoB, (HOPMUPYET OCHOBY IS OICHKH
SKOHOMHUYECKOH 3¢ PEKTUBHOCTH BHEJPEHUS

I (POBBIX HHCTPYMEHTOB YIIPABJICHUS KINEHTAMH B
KOMITaHHSAX Pa3IMIHOrO Macmrada.

OmanM w3 Hambonmee  BOCTPEOOBAHHBIX
HMHCTPYMEHTOB M POBOI TpaHCHOPMAIIHNH SBISIOTCS

cuctremsl Customer Relationship Management
(CRM), o0ecrieunBaroIme [IEHTPAIN30BAHHOE
XpaHeHHe M  aHalIW3  KIHCHTCKUX  JaHHBIX,

ABTOMATH3alMI0 MPOAAX M MapKeTHHTa, a TakKxKe
MOJIEPKKY YIPaBICHIECKIX PeIIeHHH.
IIpaxktuueckas 3HaunmMocTsh CRM monrBeprkmaeTcs
YCTOMYUBBIM POCTOM MHPOBOTO PBIHKA: MO JaHHBIM
Grand View Research, k 2030 romy ero o6bém
npeBbicuT 163 mapa gomn. CIHIA npu cpeaHerogoBom
TeMIie pocta okoio 14,6% [3], a no nanusiM Gartner,
CRM ocTaércs KpynHEHWIIUM CErMEHTOM MHPOBOTO

pBIHKA KOPITIOPATHBHOTO MIPOTPaAMMHOTO
obecrieuenns [4]. Bmecte ¢ TeM OOJBIIMHCTBO
HCCIEeI0OBaHUI paccmaTpuBaer CRM

NPEeUMYILIECTBEHHO KaK WHCTPYMEHT aBTOMAaTH3alUH
MapKeTHHra ¥ MPOJaX, TOTJa Kak BIHMSHUE JaHHBIX
CHCTEM Ha YAep)KaHHWe KIUEHTOB, OMepaluOHHbIE
M3AEPKKH W pa3BUTHE HU(POBBIX KaHAIOB MPOJAAXK
TpebyeT Ooniee pa3BEPHYTOTO COMOCTABUTEIHLHOTO
aHaM3a Ha mpruMepe KOMIIAaHUH pa3HOTo MacmTaba.
O6BexkToM HCCIIEJOBAaHUS SIBIISIETCS
skoHoMuueckas 3ddexruBHocTs BHeapeHus: CRM-
CHCTEM, IIPEJIMETOM —  KOJIMYECTBEHHBIE W
KaueCTBEHHbIE ITOKa3aTesd 3TOH 3(PPEKTUBHOCTH Yy
KOMITaHWH  pa3nuyHoro Macmraba u  cdepsl
JesrenbHOCTH. llenp craTbM COCTOMT B OLIEHKE
sKOHOMHYECKOH ddexTnBHOCTH BHeApeHns CRM-

CHCTEM Ha MpUMEpPEe MEKAYHAPOIHOH KOMITAHUH
Samsung W HaIWOHANBHONH CETH CYINEPMapKETOB
Korzinka.

Hns JOCTHKEHUS LETH MIOCTABJICHBI
CIIeIyIOIIHe 3aaun: CHCTEMAaTH3UPOBATh
TeopeTndeckne moaxonnl k moHuMmannio CRM kax
HWHCTPYMEHTA udposoit TpaHchopmanuu;
cOpMHUpPOBATH  CHUCTEMY  KOJHWYECTBEHHBIX U
KaueCTBEHHBIX MOKa3aTeNel OLeHKH SKOHOMUUECKOH
s¢ppexruBHocTn CRM; nmpoBecTH COMOCTaBUTENBHBIH
Kelc-aHanu3  npaktuku BHeapenus CRM B
kommanusx Samsung u Korzinka; chopmynupoBaTh
BBIBOJIBI " MpaKTHIECKUE PEKOMEHIAIUH.
HccnenoBaTenbckast THIOTE3a COCTOMT B TOM, YTO
skoHOMIYecKas 3¢dexruBHOCTS BHenpennss CRM
OTIpeemseTcs He TOJIBKO POCTOM 00BEMa MPOAAXK, HO
1 KOMIUIEKCHBIM BIIMSIHUEM Ha yZepKaHHUEe KIHNECHTOB,
CHI)KEHHE OICPAllMOHHBIX H3ICPKEK W Pa3BHTHE
U POBBIX KaHaJIOB B3anMoJIeHcTBUA c
noTpeduTensIMu.

O030p auTEpPaTYypPHI

AHanu3 HayYyHO! JUTEpaTypsl MOKa3bIBAET, YTO
moaxonapl K noHumManmioo CRM  cymecTBeHHO
sBomononupoBanu. Eciu nepBonHayansHo CRM
paccMaTpuBasiach NMPEUMYIIECTBEHHO KaK CPEIICTBO
aBTOMATH3aLMN B3aUMOJCHCTBUS C KIMCHTaMH, TO
COBPEMEHHBIC HCCIJICIOBATENIN ONPENeNITIOT € Kak
KOMIUIEKCHYIO cTpareruto ympasieHus. @. Kornep u
K.  Kemmep  oTMewaoT, 4YTO  IIOCTPOEHHE
JOJTOCPOYHBIX OTHOIIEHHH C KIMEHTAMH SIBISETCS
BOXHEHUIINM  (PAKTOPOM KOHKYPEHTOCIIOCOOHOCTH

OpeANpUsITHS U IEHTPAJbHBIM  3JIEMEHTOM
MapkeTHHra B3aumMooTHomeHu#t [5]. A. Ilein
paccMmaTpuBaeT CRM Kak LIEJIOCTHBIN
CTpaTerunuecKui MOAXO, 00bEANHSFOINN

MapKeTHHT, OPOJAXH, OOCIyXHBaHHE KIMEHTOB H
UH()OPMAIMOHHBIE TEXHOJIOTMH ISl MOBBIIICHHS
AKI[MOHEPHOH CTOMMOCTH KOMIAHUM 32  CUér
BBICTPAUBAHUS JIOJITOCPOYHBIX, MPUOBLIBHBIX
OTHOUICHUH ¢ OTpeduTensiMu [6].

CoBpeMEHHBIC  AHAIUTHYCCKUE  HUCTOYHHUKH
yaensrot ocoboe Buumanue mecty CRM B cTpykType
KOPIIOPATHBHOTO IPOTrpaMMHOro obecneueHus. 1o
naaHaeiM  Gartner, B 2023 romy CRM ocraBaics

KPYIMHEHIIUM ~ CEerMEHTOM  MHPOBOTO  DBIHKA
kopnopatuBHoro IO ¢ poneit 13,6%, omepexas
perakn  CYBJ[  (13,1%) wu  mporpamMMHOro
obecrieuennst OesomacHoctH  (10,4%) [4]. Oro

MOJTBEPXKIAET HE TOJNBKO YCTOWYMBBIH CIIpOC Ha
CRM-petienus, HO ¥ MX PacTyILyl0 pojb B OOIIEH
apXUTeKType HU(PPOBU3ALNY ITPEATIPUITHH.
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Taxum 00pa3oM, CyIIECTBYIOIINE HCCIIEAOBAHNS
(hOopMHPYIOT NPOYHYIO TEOPETHYECKYIO OCHOBY JUJIS

nzyueHuss CRM-cucteM: 0T KOHLENTYalbHOTO
OIIpEeCIICHUS (Kotnep, Kennep), uepes
CTPATEruueCKyIo MOJEIIb yIPaBICHUS

B3auMooTHomeHus MU (IleitH), 10 KonudecTBEHHBIX
JMaHHBIX 0 Macmitabax peiHka (Gartner, Grand View
Research). BMecte ¢ TeM KOMIUIEKCHas OIICHKA
skoHoMHUeckor 3¢ddektuBHOCTH CRM € yuérom
COTIOCTaBJICHMSI KOMITAaHHH pa3HOro Mmacmraba —
MHOTOHAIIMOHATIFHON KOPIOPANHU ¥ HAIMOHAIBHOTO
pureiinepa — ocraéres HEIOCTaTOYHO
pa3paboTaHHOM, YTO 00YCIIOBIUBACT BHIOOP METOIOB
HACTOSIIIET0 UCCIIEIOBAHMS.

MeToaojorusi
HccnenoBanue OCHOBaHO Ha aHalM3e HAyYHOU
m/ITepaTprI, HOpMaTI/IBHO-HpaBOBLIX Z[OKyMeHTOB,

AQHATUTHYECKUX OTYETOB M CTATHCTHUYECKUX JTaHHBIX,
nocBsEHHBIX BHeapennto CRM-cuctem. B paGore
UCIIONIb30BAaHBl METOJbl CPaBHHUTEJIBLHOIO aHANIN3a,
cUCTeMaTH3aluK, 0000IIeHNsS W Kelic-aHalnu3a, YTo

TI03BOJINIIO OLICHUTD HKOHOMHUYECKYIO
s¢pdextuBHocTs npumeHennss CRM Ha mnpumepe
KOMIAHMHM Samsung H CETH CYyIepMapKeTOB
Korzinka.

Ji OLIeHKH SKOHOMHYECKOH 3((EeKTHBHOCTH
BHEIPCHUS CRM-cucrem NPUMEHSCTCS

COBOKYITHOCTh KOJHMYECTBEHHBIX M KadeCTBEHHBIX
nokasareinel, IO3BOJIIONIMX OIPEIEINUTh BIHSHHE
CRM Ha ¢uHaHCOBBIE Pe3ynabTaThl, 3()(HEKTHBHOCTD
OM3HEC-TIPOLIECCOB M KaueCTBO B3aHMOJICHCTBHS C
kiaueHTaMu. OCHOBHBIE M3 HHX HPEICTAaBICHBI B
Tabmuue 1.

Tadauua 1. OcHOBHBIE IOKa3aTeIU OLEHKU IKOHOMUYecKoil 3¢ exTuBHOCTH BHepeHusi CRM -cuctem

IToka3zarenn JKOHOMHYECKOe CoJlepkanne Bansinue BHeapenns CRM
ROI OxymnaeMoCTh HHBECTUIUH Poct npubbuTH OT BHEApEHNUS
CAC CrouMOCTh IPUBIECYCHUS KIUEHTA CHImXeHue 3aTpar Ha NPHUBJICYEHUE KIIMCHTOB
CLV (LTV) [Toxu3zHeHHast HEHHOCTh KJIMEHTA Poct 10xoaa oT MOCTOSIHHBIX KIINEHTOB
Customer KoaddunueHt ynepxanus KIHSHTOB IoBbIlIeHUE JTOSTBHOCTH KJIMCHTOB

Retention Rate

Conversion
Rate

Konsepcus mpomax

VYBennueHue KoanuecTna YCHEIIHBIX CACTIOK

Hcmounuxk: paspabomano asmopamu na ocrose [5; 6].

Bribop kommanuit Samsung u Korzinka s
Kelic-aHanm3a 00yCJIOBJICH HEOOXOIUMOCTHIO
COIMOCTaBUTh IKOHOMHUYECKUE 3(P(EKTh BHEAPEHHUS
CRM B opranuzanusx pazHoro maciiraba u chepsl
JIESITEIbHOCTH: MHOTOHAIIMOHAIBHONH KOPIOPALUHU C
MHOT'OJIETHEH UCTOpHel MU(pPOBU3AIMH KIHEHTCKUX
CEPBHCOB M HAIMOHAIBHOM pO3HIMYHON CETH, aKTHBHO
HapalyBaromed MU(QPOBBIE KaHATBI MPOJaX Ha
peiHKe  Y30ekuctaHa. JlaHHBIE TIO KOMITAHUH
Korzinka B3sTBI U3 OQUIHATHHOTO TOOBOTO OTYETA
cetn 3a 2024 ronm [7; 8], maHHbIE MO KOMIaHUU
Samsung — W3  OTKPBHITHIX  aHAIUTHYECKUX
MarepuajgoB O €€ MapKeTHMHTOBOM M KIMEHTCKOM
cTpareruu [9].

PesyabTaTsl

OkoHomuueckas d(PQPEKTUBHOCTb BHEIPEHUs
CRM-cucrem omnpenensercsi He TOJIBKO POCTOM
00bEéMa MPOJaK, HO U KOMIUICKCHBIM BIIHSHHEM Ha
(UHAHCOBBIE W  OpPraHU3alMOHHBIC  PE3yJIbTATHI
nesitenbHOCTH npennpustus. UcnonszoBanue CRM
CIIOCOOCTBYET  ONTHMH3AIUN  OH3HEC-TIPOIECCOB,
MTOBBINICHUIO Ka4yecTBa OOCIYXXHBAaHUSA KIHUEHTOB,
COKpAIIICHUIO ONECPAIOHHBIX 3aTPaT U YBEIHYCHHIO
JIOXOZIOB KOMITAaHUHM 3a c4€T Ooiee 3(PPEKTHBHOTO
yIIpaBJICHUS B3aMMOOTHOIIEHUSIMU C
HOTPEOUTEISIMU.
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LOnHaMnka MupoBoro peiHka CRM-cuctem (2023-2030 rr.)
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Pucynok 1. Jlunamuka MmupoBoro peinka CRM-cucrem (2023-2030 rr.), mipa noJui. CHIA [3]

Kak BugHO u3 pucyHKa 1, MHpPOBOH pBIHOK
CRM-cucrem JIEMOHCTPUPYET YCTOWYUBYIO
MOJIOKUTENbHYI0 nuHaMuKy. Ilo mporHozam Grand
View Research, x 2030 roxgy ero o0bEM TpeBHICHT
163 mupa nomn. CIIJA mpu cpeqHEro0BOM TEMIIE
pocta okono 14,6% [3]. OTo CBHIOETENBCTBYET O
BO3pacraromeii BoctpedoBanHocT CRM-crctem kak
OTHOTO M3 KIIOYEBBIX HHCTPYMEHTOB LHU(PPOBOIi
TpaHchopManuu ousHeca u MOBBIIICHUSI
3¢ PEKTUBHOCTU YIPABICHHUS PEIIPUSITUIMH.

[IpencraBnennsle B Tabmune 1 mokaszartenu
MO3BOJISIIOT KOMIUIEKCHO OLEHUTh SKOHOMHYECKYIO

a¢¢extuBHOCTh BHeApenus CRM-cuctem. Bmecte ¢
TeM HanOoyiee OOBEKTHBHBIC PE3yJbTaThl MOXHO
MOTYYUTh TIPH aHAM3€ IPAKTUYECKOTO OIBITa
KOMIIAaHWH,  YCHENIHO  BHEAPHUBIIMX  JaHHbBIC
TEXHOJIOTHH. B CBsI3M ¢ 3THM Aajee paccCMaTpUBAIOTCS
pe3ynbratel npuMeneHuss CRM-cucrteM Ha npumepe
MEXIYHApOJAHON KOMITaHUA Samsung u
OTEeueCTBEHHOW ceTH cymnepmapkeroB Korzinka, uro
TI03BOJISIET COIOCTABUTH 0COOEHHOCTH u
SKOHOMHYEeCKHE J(P(EKTh HX HUCIONB30BaHUI B
OpraHM3alysix pa3IM4HOro MaciuTaba u  chepsl
JesITebHOCTH (TabiI. 2).

Tabauua 2. CpaBHMTe/IbHASA OLIEHKA Pe3yabTaTOB BHeApeHusi CRM-cuctem B KoMnanusax Samsung u

Korzinka
Iloxa3aTean Samsung Korzinka IKOHOMHYECKHIi
apdexr
Poct undposbix Cpenumii gex +35% (Al- Bripyuka Korzinka Go PazBuTne nndpoBbix
poaax mwiatopma Shop Samsung) +188% KaHAJIOB MPOIax
ComnoctaBuMBIE — +9,3% (06opot — 9,4 TpinH Poct BeIpyUKH ceTH
npojaaxu / 060poT CcyM)
V nepxaHue KJIMEHTOB 68% KIMEHTOB — CBBIIIIE 5 1,8 MJIH aKTHBHBIX [ToBbliIEHUE
neT YYaCTHHKOB IIPOIPaMMBbI KIIMEHTCKOH
JIOSUTEHOCTH JIOSUTEHOCTH
CHmxeHue H3epKeK 92% oOparuenuii pemaer — CHmxeHne
o0cITy)KUBaHUS Bixby 0e3 coTpyaHUKOB OTIePAIMOHHBIX
3aTpar

Hcmounux: paspabomano aemopamu Ha ocHoge 20006020 omuéma Korzinka 3a 2024 200 [7; 8] u omkpvimoix
aHaIUMU4ecKux Mamepuanos o KiueHmcekou cmpameeuu Samsung [9].

ITo nannbIM TooBoro otuéra Korzinka 3a 2024
TOJI, COMOCTaBHMBIC MPOJAXH CYNEPMapKeTOB U
Mmara3uHoB Qopmara Mahalla Beipocnu Ha 9,3%, a
001mmii 060pOT CeTH TOCTHUT PEKOPAHBIX 9,4 TPIH CyM
[7]. HamOGompmmii pocT moOKazan OHJIAHH-CEpPBHC
Korzinka Go, BeIpydka KOTOPOTO YBEIMYHMIACH HA
188% w©Ha (¢oHE MOJEpHU3ANNN OIEPAIMOHHON
JIeSITETFHOCTH CEPBHCA M POCTA JOJIN OHJIAIH-TIPOIaX

B Tamxkxenrckom  perumone [7]. Ilporpamma
nosuibHocTH Korzinka Plus o0bemunsier 1,8 MiH
AKTHUBHBIX YYaCTHUKOB, UTO MMOATBEPKIAETCS POCTOM
MHBECTULIMOHHOM MpUBIEKaTeabHOCTH ceTu: B 2025
roJy K YHCIy aKIHOHEPOB IMPHCOCTUHIINCE Abu
Dhabi Uzbek Investment u Uzbek-Oman Investment
Company [7; 8].

Philadelphia, USA

18

2 Clarivate
Ana lytiCS indexed



ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) =6.630

. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260

JIF =1.500  SJIF (Morocco) = 6.004  OAJI (USA) = 0.350
VY xommanmm Samsung BHEIpEHHE LIHU(PPOBBIX CRM ormpenernseTcst He TOIBKO POCTOM IPOJAXK, HO
HHCTPYMCHTOB  IIepCOHANM3allMy, BKiIoudas Al- KOMIUICKCHBIM BITUSIHHEM Ha yAEpXKaHHE KIHEHTOB,
miathopMy  INEKTPOHHOH  KomMepiuu  Shop M3ICP)KKA U IM(PPOBBIC KAHAIBI, IMOATBEPKIACTCSI

Samsung, cCOnpoBOXKIAETCs POCTOM CPEIAHETO0 YeKa Ha
35% [9]. Ucnone3oBanume Al-accuctenta Bixby,
oOpabaTpIBalolero cBhIie 38 MIIH  3alpoCOB
eXKEMEeCSYHO M paspermaromero 92% obpamennii 6e3
y4acTUsl COTPYIJHUKOB, CIOCOOCTBYET CHHKECHHIO
OTIEPAIIMOHHBIX 3aTPaT Ha OOCITY)KMBAaHNE KINEHTOB
[9]. IIpu sTOoM 68% mONB30BATENCH COXPAHAIOT
MIPUBEPKEHHOCTh OpeHay Samsung Ha TPOTSHKEHHH
Oosee mATH JIET, YTO OTPaXKaeT JONTOCPOYHBIH
3¢ eKT NepCoOHATN3NPOBAHHOTO B3aHMMOJECHUCTBHUS C
KJIMEHTaMH Ha yAep KaHue ayuTopuu [9].
[IpencraBneHHblE JaHHBIE CBHUAETEILCTBYIOT O
ToM, 4yTo BHeapenue CRM-cucreM MOJOKHUTETHHO
BIMSICT Ha KIIOYEBBIC II0KA3aTelld JESTEIbHOCTH
npeanpustuidl. HecmoTpst Ha pasnuuusg B Maciitade
Ou3Heca u oTpacneBoil crienn@uke, ONbIT Samsung
Korzinka monTtBepxkmaer, yto mcmois3oBanne CRM

CHOCO6CTByeT pocty npoaax, MOBBIIICHHUIO
JIOAJIBHOCTH KJIMCHTOB, Pa3BUTHIO LII/I(l)pOBLIX
KaHaJIOB B3211/IMOI[GI7[CTBI/I$[ n YKPCIUICHUTIO

KOHKYPCHTHBIX IIPEUMYIIIECTB KOMIIAaHHH.

O06cy:xneHnue pe3yabTaToB

[lomy4yeHHble pe3yabTaThl IOKA3bIBAIOT, YTO
skoHoMuueckuid 3dpdexr CRM mposBisiercss mo-
pa3sHOMYy B 3aBHCHUMOCTH OT Maciitaba u mpoQuis
kommanuu. Y cern Korzinka ocHOBHOH 3¢ddekt
cocpenoToueH B cepe pa3BUTHSA IUPPOBHIX KAHAIOB
NPOJaK: OIEPEkKAIOMMKA POCT BBIPYUKH OHJIANH-
cepsuca Korzinka Go (188%) otHocuTensHO pocTa
COIIOCTaBUMBIX Tpoaax oduraitH-marasuHoB (9,3%)
OTpaXaeT CTPYKTYPHBII CIBUT IOTPEOUTEIHCKOTO
MOBEJICHUA B CTOPOHY LHUGPOBBIX (opmaToB
MOKYIIOK, HOJJIEPKUBAEMBII IPOrpaMMon
JIOATBHOCTH ¢ 1,8 MIIH aKTUBHBIX yJaCTHUKOB. J[i1s
MHBECTOPOB J3TOT pe3ylbTaT CTal OJHHUM U3
(haxtopos, CIOCOOCTBOBABIIINX MIPUBJICUYEHUTO
Kamurajia MeXXIyHapoaHbiX (GoHnoB B 2025 rouy.

VY koMmanuu Samsung, HanpoTHB, 3pdpekr CRM
MPOSIBISIETCST NTPEUMYIIECTBEHHO Yepe3 YAepXKaHue
KIMEHTOB M CHI)KEHHE OIIEPALOHHBIX H3/IEPXKEK:
NoKa3arenb yAepkaHWs Ha ypoBHe 68% Ha
NPOTSHKEHUH TISITH W OoJiee JIET W BBICOKAs OIS
ABTOMATHUYCCKH paspeniaeMbix obparinenuit (92%)
CBUJIETEIILCTBYIOT 0 3penoit MOJIeH
MEePCOHANIM3UPOBAHHOTO B3aUMO/IEUCTBUS, B KOTOPOM
UQPOBBIE MHCTPYMEHTHI ~CHIDKAIOT CTOMMOCTD
OOCITYy’)XMBaHUSI TPH  COXPAaHEHHH  JIOSIIBHOCTH
KPYITHOH KJIMEeHTCKOH 6a3bl. PocT cpennero ueka Ha
35% npu 3TOM CBA3aH HE C MPHUBIEUEHHEM HOBBIX
KJIMEHTOB, a C OoJiee TOYHBIM TapreTHpOBaHHUEM
NPe/II0KEHUH BHYTPH CYIIECTBYIOLIEH Oa3bl.

ComnocTaBlieHHE ABYX KeHCoB IIO3BOJISACT
OLICHUTH COOTBETCTBUC HCCJ'IGI[OBaTeJ'II;CKOﬁ
THUIIOTE3E, C(l)OpMyHI/IPOBaHHOﬁ BO BBCJICHUMU.

I'umoTe3a o ToM, 4TO 3KOHOMUYECKast 3PPEKTUBHOCTH

JAaHHBIMH 00€MX KOMITaHUH, XOTs CTPYKTypa d(dekra
pasmuyaercs: y Korzinka npeobnamaet s ekt pocra
UQpOBBIX KaHAIOB NpoAax, y Samsung — 3¢dekr
yOCpP)KaHUS M CHIDKGHHS  H3IEpXKeK.  OJTo
moT4EépKUBaeT, 4To oneHka addextnBHOCTH CRM
TOJIBKO 4epe3 MOKa3aTellb POCTa BBIPYUYKH SBIACTCS
YIOPOIIEHHOMN U OJKHA OMOJHATHCS MI0KA3aTENIMU
yIep)KaHUs, CTOMMOCTH OOCITY)KUBaHUS ¥ CTPYKTYPBHI
KaHaJIOB MpPOJaX, 4YTO COOTBETCTBYET CHCTEME
WHJIUKATOPOB, NpeJCTaBIeHHOW B Tabiuue 1.

Hacrosimee COIOCTABJICHUE uMeeT
OTpaHWYEHUsS: JaHHBIC 0 KOMIAHUSAM MOJYYSHBI U3
OTKPBITHIX OTYETOB M AHAIUTHYECKUX MAaTepHaJOB,
KOTOpbIE ~ MOTYT HE  pacKpblBaThb  MOJHYIO
METOJIOJIOTHIO pacuéTa OT/ENIBHBIX IOKa3aTeiel (B
YaCTHOCTH, JIETall pacuéra pocTa CpeiHero 4eka M
yIOCp)KaHUS KIMCHTOB Samsung), 4YTO CHHXXaeT
COIIOCTABUMOCTb C BHYTPCHHHMH (DHHAHCOBBIMU
mokazaremsimu  Korzinka,  myOmukyeMbIMH B
0(hHUIHATIEHOM TOIOBOM OTYETE.

3akii0ueHue

HccnenoBaTenbckas THIOTE3a O TOM, dYTO
skoHoMUueckass 3¢dexrruBHOCTh BHeapeHuss CRM-
CHCTEM OIpenessieTcss He TOJIBKO POCTOM 00BEMa
MpoAaX, HO M KOMIUIGKCHBIM BIHMSHHEM Ha
yIepKaHue KIMCHTOB, OMCPAIIOHHBIC H3ICPKKH H
pa3BuTHE UUQPPOBBIX KAHAJOB MPOAaX, IMOIyUrIa
noareepxkacHue. MupoBoil peiHOK CRM-cucrem
JEMOHCTPHUPYET YCTOMUUBBII pocT — 10 163,16 Mapx
nosut. CHIA k 2030 rogy npu CpeIHeroioBoM TemIie
pocra 14,6%, ocraBasch KpyNHEHIIUM CETMEHTOM
pBIHKA KOPIIOPaTUBHOTO MPOTPAMMHOTO
obecrieuenus. Keiic-aHannu3 mokasan, 4To y CeTH
Korzinka sxonomuaeckuii a3 dexr CRM Beipaxkaetcs
IpeXJe BCEr0 B OMEPEXAIOUEM pocTe IM(POBBIX
kanaioB npoxax (Korzinka Go: +188%) wu
pacuupenuu 0a3bl J0subHOCTH (1,8 MITH aKTHBHBIX
YYACTHHUKOB), TOT/Ia KaK y KOMIIAaHAKA Samsung — B
yliepkaHUM KIMeHTOB (68% Ha NMPOTSHKEHUH TATH U
OoJtee JIeT) ¥ CHUKCHUU H3MIEP)KEK Ha 00CITy)KHBaHHE
3a cuér aBromartmzammu (92% oOpamieHuil depes
Bixby).

Hayynas HOBuM3Ha  paboOTBI  COCTOMT B
COIIOCTaBJICHUH 3KoHOMHUYeckoro 3¢¢pexra CRM-
CHCTeM Yy KOMIAHMH TNPUHIMUIHAIBHO Pa3HOTO
Macmraba — MHOTOHAI[MOHAJIFHONW KOPHOpAaluU |
HallMOHAJILHOM PO3HUYHOM CE€TM — B YCIOBHAX
nudpoBoi TparchopMaIn SKOHOMMKH
VY36ekncrana, 4yTo MO3BOJISET MOKA3aTh Pa3jIM4Ke B
CTpYKType »dKoHOMHYeckoro 3pdekra CRM B
3aBUCHMOCTH OT MacuITada v npoQuist A TeIbHOCTH
komnaHuu. IIpakTHueckass 3HaYMMOCTb PE3yIbTATOB
COCTOUT B BO3MOKHOCTH UCTIONB30BaHUS
npeacraBiueHHoN cucteMsbl mokasateneit (ROI, CAC,
CLV, Customer Retention Rate, Conversion Rate)
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OTCYECTBEHHBIMH TPEINPUATHAMA TIPH BBIOOpE H HHBIX oTpacieit 6e3 JIOTIOJTHUTETLHOTO
onenke 3(dexruBHoctn CRM-perienuii, a TaKxke CPaBHHUTEIHHOTO UCCIIEIOBAHMS. B-tpeTbux,
HpI/I O6OCHOBaHI/IH I/IHBeCTI/IHI/Iﬁ B HH(prByIO HpeﬂCTaBﬂeHHbIe IIOKa3aTCIIn OTpa)KaIOT
TpaHC(l)OpMaI_[I/HO KIIMCHTCKUX CepBI/ICOB. HpeI/IMyIHeCTBeHHO OHepaHI/IOHHBIe N KIIHUCHTCKHUC
Hacrosimiee  uccnemoBaHue — UMeeT A s¢pdextst CRM U He BKIIOYAIOT MONHYI OICHKY
OFpaHI/I‘IeHI/II\/II. BO'HepBLIX, aHaJIn3 OCHOBAH Ha 3anaT Ha BHeIlpeHI/Ie nu COl‘[pOBO)KI[eHI/Ie CUCTEM.

JTAHHBIX, OIyOJIMKOBAHHBIX B OTKPBITBIX UCTOYHHUKAX
W TOMOBBIX OTYETaX KOMMaHWH, Oe3 mocTyma K
BHYTPEHHEH  yNpaBIEHYECKOW  OTYETHOCTH U
JIETAIbHOM ~ METOHOJIOTUHM  pacdyé€ra  OTAENBHBIX
nokasaresnei. Bo-BTOpbIX, KeHC-aHalu3 OrpaHu4YeH
IByMsS  KOMIIAHHSIMH H  HE  MOXET  OBITh
HEMOCPEACTBEHHO PACHpOCTpaHEH Ha MPEANPUITHS
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UNDERSTANDING STUDENTS’ NUMERACY COMPETENCE
THROUGH THE LENS OF CONFIDENCE IN PROBLEM SOLVING AND
ATTITUDE TOWARDS MATHEMATICS

Abstract: This study assessed the relationship between attitudes towards mathematics, problem-solving
confidence, and numeracy skills of Grade 9 students. A total of 100 respondents were surveyed using standardized
questionnaires and numeracy assessments. The study examined demographic profiles, parental educational
attainment, and household income as contextual variables. Results revealed that the majority of respondents come
from families with college-level education and middle-income households. In terms of attitudes towards mathematics,
students exhibited a neutral overall disposition, with high recognition of the value of mathematics, moderate self-
confidence, enjoyment, and motivation. Problem-solving confidence was generally moderate, with students showing
persistence in challenging tasks but experiencing occasional stress and fear of errors. Numeracy skills varied, with
most students classified at the basic level, indicating foundational competence but limited proficiency in complex
mathematical operations. Spearman’s rho correlation analyses indicated a negligible positive relationship between
attitudes towards mathematics and numeracy skills, which was not statistically significant. In contrast, problem-
solving confidence showed a statistically significant, albeit weak, positive correlation with numeracy performance.
These findings suggest that fostering problem-solving confidence may have a greater impact on enhancing students’
numeracy skills than attitudes alone. The study highlights the importance of supportive instructional strategies,
scaffolded problem-solving activities, and differentiated learning to strengthen numeracy competence and
confidence. Interventions aimed at improving both cognitive skills and affective dispositions toward mathematics are
recommended to promote overall mathematical competence and engagement.

Key words: Teaching Mathematics, attitudes towards mathematics, problem-solving confidence, numeracy
skills, Grade 9 students, mathematical competence, descriptive-correlational design, Minglanilla, Cebu.
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Introduction
Chapter 1
THE PROBLEM AND ITS SCOPE
INTRODUCTION

Rationale of the Study

The development of numeracy competence,
confidence in problem solving, and a positive attitude
towards mathematics has become a central focus in
improving mathematics education globally, as these
interrelated factors shape learners’ ability to
understand concepts, think critically, and apply
mathematical ~ skills to  real-life  situations.
International research emphasizes that numeracy
extends beyond basic computation; it involves
interpreting information, making logical decisions,
and solving everyday problems (Hodge et al., 2021).
Likewise, confidence in problem solving has been
consistently linked to students’ perseverance,
strategic thinking, and overall performance in
mathematics (Zakariya et al., 2022). Meanwhile,
students’ attitude toward mathematics—whether
positive or negative—plays a crucial role in shaping
their motivation, engagement, and long-term success
in the subject.

In the Philippine context, concerns about
numeracy skills and learners’ disposition toward
mathematics continue to arise. National and
international assessments show that Filipino students
often struggle with mathematical reasoning, higher-
order thinking skills, and real-life problem-solving
tasks (Mangilala et al., 2021). The 2022 Programme
for International Student Assessment (PISA) reported
that the Philippines remains below the international
average in mathematical literacy, with many learners
demonstrating difficulties in applying mathematics to
everyday scenarios (OECD, 2023). Similarly, the
National Achievement Test (NAT) results reveal a
persistent pattern of low performance in secondary-
level mathematics, particularly in items requiring
multi-step analysis and logical interpretation (Casildo,
2023).

These national trends are likewise reflected in
many public schools across the country, including
schools within the local community, where teachers
observe that students struggle not only with basic
numeracy tasks but also with sustaining confidence
when faced with non-routine or unfamiliar problems.
Many learners experience anxiety, lack of motivation,
and negative attitudes toward mathematics, which
further hinder their performance. Despite the
Department of Education’s ongoing initiatives such as
the Rapid Mathematics Assessment (RMA) and

Doi: &os¥® https://dx.doi.org/10.15863/TAS.2026.07.159.3

numeracy  strengthening  programs—gaps  in
foundational skills remain visible, especially among
Grade 9 learners who are expected to transition from
basic arithmetic to more abstract mathematical
concepts.

Grade 9 is a particularly challenging year, as the
curriculum introduces topics that require both
computational fluency and conceptual understanding.
Students with weak numeracy foundations often rely
on memorization rather than comprehension, leading
to errors and loss of confidence when solving
problems. Research also shows that negative attitudes
such as fear of failure, low interest, or the belief that
mathematics is inherently difficult—can diminish
students’ willingness to attempt challenging tasks,
further widening performance gaps (Lara et al., 2025).
In the context of a private secondary school in
Minglanilla, Cebu, mathematics teachers have
observed that a number of Grade 9 learners struggle to
apply basic numerical concepts in problem-solving
tasks despite having access to adequate learning
resources and instructional support. Classroom
observations and informal assessments reveal that
some students exhibit hesitation when answering
mathematical problems, avoid participation during
problem-solving activities, and express low
confidence in their mathematical abilities. These
challenges are often accompanied by negative
attitudes toward mathematics, such as anxiety during
assessments and a tendency to perceive mathematics
as a difficult and intimidating subject.

These local observations highlight the need to
examine not only learners’ numeracy competence but
also their confidence in problem solving and overall
attitude toward mathematics. Given these pressing
concerns, it becomes essential to understand how
these three dimensions interact within the context of
local Grade 9 learners. By exploring these
relationships, teachers and curriculum planners can
better identify the specific barriers that hinder
students’ learning and develop targeted interventions
to strengthen both skill and disposition.

Thus, this study, “Understanding Students’
Numeracy Competence Through the Lens of
Confidence in Problem Solving and Attitude Towards
Mathematics,” seeks to provide a localized and
evidence-based understanding of the factors affecting
learners’ mathematical performance. The findings of
this research will serve as a basis for designing an
Enhancement Plan, which aims to support Grade 9
learners in cultivating positive mathematical
mindsets, and improving overall learning outcomes in
mathematics.
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Theoretical Background

This study is anchored on the following theories:
Albert Bandura’s Social Cognitive Theory (1986) and
Self-Efficacy Theory (1977), Jean Piaget’s Cognitive
Development Theory (1970), Carol Dweck’s Growth
Mindset Theory (2006), John Flavell’s Metacognitive
Theory (1979), and John Sweller’s Cognitive Load
Theory (1988).

This research is also legally anchored on

/ THEORIES \

¢ Cognitive Development Theory
(1970)

e Social Cognitive Theory (1986)

o Self-Efficacy Theory (1977)

e Growth Mindset Theory (2006)

e Metacognitive Theory (1979)

¢ Cognitive Load Theory (1988)

\_

J

Republic Act No. 10533, also known as “The
Enhanced Basic Education Act of 2013”; DepEd
Order No. 8, s. 2015, otherwise known as “Policy
Guidelines on Classroom Assessment for the K-12
Basic Education Program; DepEd Orded No. 21, s.
2019, also known as “Policy Guidelines on the K - 12
Basic Education Program; and Republic Act No.
9155, also known as Governance of Basic Education

Act of 2001.

-

\-

LEGAL BASES \
e The Enhanced Basic  Education Act of 2013
(Republic Act No. 10533)

e Policy Guidelines on Classroom Assessment for
the K-12 Basic Education Program (DepEd Order
No. 8, s. 2015)

¢ Policy Guidelines on the K-12 Basic Education
Program (DepEd Order No. 21, s. 2019 )

e Governance of Basic Education Act of 2001
(Republic Act No. 9155)

UNDERSTANDING STUDENTS’ NUMERACY
COMPETENCE THROUGH THE LENS OF
CONFIDENCE IN PROBLEM SOLVING AND
ATTITUDE TOWARDS MATHEMATICS

NUMERACY SKILLS ENHANCEMENT PLAN

Figure 1: Theoretical-Conceptual Framework of the Study
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Albert Bandura’s Social Cognitive Theory
(1986) posits that learning occurs through reciprocal
interactions among personal factors, behavior, and
environment, a process referred to as reciprocal
determinism. This theory is particularly relevant in
understanding how students develop numeracy
competence, problem-solving confidence, and
attitude toward mathematics because learning is
shaped not only by individual ability but also by social
context. In the mathematics classroom, students gain
confidence and form attitudes by observing teachers
demonstrate  problem-solving strategies, seeing
classmates engage successfully in tasks, and receiving
constructive feedback from peers and adults. Positive
social modeling fosters engagement, enhances
confidence in problem solving, and cultivates a
positive attitude toward mathematics, while negative
social experiences or lack of guidance can increase
anxiety and reduce both confidence and numeracy
performance. Thus, Social Cognitive Theory provides
a framework for understanding how classroom
interactions and social influences shape students’
mathematical competence as well as their affective
responses to learning.

Bandura’s Self-Efficacy Theory (1977) further
emphasizes that students’ beliefs about their
capabilities strongly determine their motivation,
persistence, and achievement in mathematics.
Learners with high self-efficacy approach numeracy
tasks with determination, maintain confidence when
facing challenging problems, and are more likely to
develop positive attitudes toward mathematics.
Conversely, students with low self-efficacy are more
prone to avoidance behaviors, negative attitudes, and
decreased engagement, which can hinder the
development of numeracy skills. Therefore, problem-
solving confidence and attitude toward mathematics
can be viewed as psychological mediators that directly
influence the acquisition of numeracy competence,
illustrating how self-perception drives both cognitive
and affective aspects of learning.

Jean Piaget’s Cognitive Development Theory
(1970) explains that Grade 9 learners typically
transition into the formal operational stage, a period
characterized by the emergence of abstract reasoning,
logical thinking, and systematic problem solving.
Numeracy competence, particularly in algebra,
geometry, and statistical reasoning, relies heavily on
these cognitive abilities. When mathematical tasks
match students’ developmental readiness, learners
experience mastery, which strengthens their problem-
solving confidence and promotes positive attitudes
toward mathematics. In addition, tasks that exceed
cognitive capacity may lead to confusion, frustration,
and negative attitudes, which can impede both
confidence and the development of numeracy skills.
Piaget’s theory thus provides a developmental lens for
understanding how the interplay of cognitive
readiness, problem-solving confidence, and attitude

contributes to successful mathematics learning.

Carol Dweck’s Growth Mindset Theory (2006)
offers insight into students’ beliefs about their ability
to develop mathematical skills. Learners with a
growth mindset, who believe that effort and
persistence can improve mathematical ability, are
more likely to embrace challenges, sustain confidence
in problem solving, and maintain positive attitudes
toward mathematics. In contrast, learners with a fixed
mindset may avoid difficult tasks, experience
diminished confidence, and develop negative
attitudes, which can hinder numeracy development.
Growth mindset therefore provides a psychological
foundation for improving both problem-solving
confidence and attitudes, which in turn support the
development of numeracy competence.

John Flavell’s Metacognitive Theory (1979)
emphasizes learners’ ability to monitor, regulate, and
evaluate their cognitive processes. In mathematics,
metacognitive skills such as planning solutions,
monitoring progress, and checking for errors enable
students to approach problems systematically,
increasing problem-solving confidence. Learners who
are metacognitively aware are also more likely to
develop positive attitudes toward mathematics, as
they feel more in control of their learning and less
frustrated when encountering difficulties. Hence,
metacognitive ~ competence  strengthens  both
confidence and attitudes, which enhances numeracy
performance and fosters deeper understanding of
mathematical concepts.

John Sweller’s Cognitive Load Theory (1988)
highlights the limitations of working memory in
processing complex information. When mathematics
tasks impose excessive cognitive load, learners may
experience confusion, frustration, and decreased
confidence, which negatively affect both attitudes and
numeracy competence. On the other hand, instruction
that is scaffolded and appropriately sequenced
reduces cognitive load, allowing students to acquire
problem-solving skills, build confidence, and develop
more positive attitudes toward mathematics.
Cognitive Load Theory thus demonstrates how
instructional design influences the simultaneous
development of competence, confidence, and
affective dispositions in mathematics learning.

The theoretical foundations of this study are
further supported by Philippine educational policies
that emphasize the integrated development of
knowledge, skills, and attitudes:

The Enhanced Basic Education Act of 2013
(Republic Act No. 10533 ). This act institutionalized
the K-12 program, extending basic education to
strengthen foundational competencies in literacy and
numeracy (Violon & Violon, 2024). It mandates the
integration of critical thinking, problem-solving, and
lifelong learning skills as core competencies across
grade levels. The law serves as a cornerstone for
ensuring that learners acquire essential mathematical
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proficiency before advancing to higher education or
the workforce.

Policy Guidelines on Classroom Assessment
for the K-12 Basic Education
Program (DepEd Order No. 8, s. 2015). This policy
emphasizes the importance of formative and
summative assessments to measure learners’
numeracy performance and analytical reasoning
(Sabado, 2021). It aligns with diagnostic tools such as
the Rapid Mathematics Assessment (RMA), which
helps identify numeracy gaps and guides appropriate
instructional interventions.

Policy Guidelines on the K-12 Basic Education
Program (DepEd Order No. 21, s. 2019 ). This order
highlights the integration of problem-solving,
reasoning, and communication skills in mathematics
instruction (Cerezo et al., 2023). It calls for
contextualized and learner-centered approaches that
promote both skill mastery and confidence.

Together, these legal bases ensure that
mathematics instruction in the Philippines not only
builds computational competence but also fosters self-
efficacy and resilience in problem solving.

Governance of Basic Education Act of 2001
(Republic Act No. 9155). This act emphasizes school-
level accountability in creating supportive learning
environments. It mandates that learning experiences
should cultivate essential competencies, including
numeracy, and foster critical thinking, confidence,
and positive attitudes toward academic subjects such
as mathematics (Uy & Ocampo, 2023).

Recent empirical studies have consistently
established a positive association between numeracy
skills and problem-solving confidence or self-
efficacy. Numeracy, or mathematical literacy, as
defined in foundational frameworks such as OECD’s
PISA 2022 Mathematics Framework, encompasses
applied reasoning, modelling, and evaluation tasks,
which are closely linked to students’ confidence in
solving realistic problems (OECD, 2022). This is
complemented by a systematic review of intervention
studies (project-based learning, mastery learning,
feedback-oriented instruction) conducted by Zakariya
(2022) and found consistent gains in Mathematics
self-efficacy when learning designs targeted both skill
and reflective affective components. Experimental
study conducted by Nurhasanah et al. (2024) showed
that project-based learning (PjBL) significantly
improved both numeracy test scores and Mathematics
self-efficacy. Similarly, the Concrete-Pictorial-
Abstract (CPA) approach has been shown in several
quasi-experimental studies to elevate numeracy
outcomes alongside  increased  confidence,
especially in early secondary school cohorts
(lyamuremye et al., 2025; Rozata et al., 2024).
Likewise, studies on using digital tools and dynamic
visualization further support this relationship. Zhang
et al. (2023) and Bargin et al. (2023) reported that
students exposed to dynamic visualization tools such

as GeoGebra performed better on problem-solving
tasks and exhibited higher self-efficacy than those
engaged in static visual instruction.

Moderation effects have also emerged in
international research, demonstrating that the link
between self-efficacy and performance is influenced
by contextual variables. Shimizu (2022) found that
learning engagement moderates the relationship
between self-efficacy, Math anxiety, and problem-
solving performance, indicating that the predictive
effect of self-efficacy strengthens when students are
highly engaged. Kaskens et al. (2020) observed that
teacher competency and classroom environment
enhance the predictive power of children’s self-
efficacy and self-concept for numeracy development.
Cross-country analyses used PISA 2022 data revealed
that creative learning environments, combined with
high self-efficacy correlate with stronger applied
numeracy performance (Wang, Perry & Ide, 2023).

In the Philippines, empirical evidence similarly
points to a positive association between numeracy and
problem-solving confidence, although variations have
been observed in measurement approaches,
contextual factors, and effect sizes. Rodil (2024)
documented that students’ self-reported confidence
often exceeds their actual problem-solving
performance, suggesting that self- report measures
should be complemented with objective assessments.
Norcio and Villahermosa (2021) addressed this by
developing a numeracy assessment tool centered on
Grade 9 learners’ understanding of quadratic
equations, allowing objective skills to be compared
with confidence ratings. Project COUNTS (Munda et
al., 2024) and Project NUMEROS (Aguilario et al.,
2025) are two program evaluation studies in junior
high school that revealed significant pre- and post- test
gains in numeracy performance but also noted that
improvements in confidence and self-efficacy occur
mostly when there is teacher guidance, coaching and
contextualized tasks.

At the methodological level, Echavez et al.
(2024) conducted a systematic review of literacy and
numeracy studies in the Philippines and identified
several recurring limitations, including small sample
sizes, non-standardized instruments for measuring
confidence, and inconsistent reporting of reliability
and effect sizes. Across both international and
Philippine research, several instructional approaches
have been consistently associated with improved
numeracy performance and higher confidence levels.
Strategies such as Realistic Mathematics Education
(RME), the Concrete—Pictorial-Abstract (CPA)
approach, project-based learning, contextualized
tasks, and the integration of digital visualization
tools have demonstrated effectiveness when properly
implemented. Methodologically, the more rigorous
studies  utilize  quasi-experimental or  true-
experimental designs with pretest—posttest measures,
employ validated instruments for assessing numeracy
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and self-efficacy, and apply robust statistical analyses
such as Pearson correlation, regression models, and
moderation analyses. For instance, studies by
Nurhasanah (2024) and Shimizu (2022) report
measurable effect sizes and incorporate engagement
and classroom factors as moderating variables.

Across the reviewed literature, numeracy and
problem-solving confidence emerge as closely
interrelated constructs. However, few studies in the
Philippine context have directly examined this
relationship, particularly among Grade 9 students, a
critical stage marking the shift from concrete
arithmetic to abstract mathematical reasoning. Most
available studies focus on interventions or complex
modeling rather than direct correlational analysis.
This study addresses the gap by exploring the
relationship between numeracy skills and problem-
solving confidence among Grade 9 learners, providing
insights into how cognitive and affective factors
interact to shape mathematical learning during this
key developmental stage.

THE PROBLEM

Statement of the Problem

This study assessed the attitudes towards
Mathematics, problem-solving confidence, and
numeracy skills of Grade 9 students at a secondary
private school in Cebu Province for School Year
2025-2026 as a basis for Numeracy Skills
Enhancement Plan.

Specifically, this study sought to answer the
following questions:

1. What is the profile of the respondents in
terms of:

1.1age and gender;

1.2 parents’ highest educational attainment; and

1.3 combined family monthly income?

2. What is the level of the attitudes of the
respondents towards Mathematics in terms of:

2.1 Self-confidence;

2.2 Value of Mathematics;

2.3Enjoyment in Mathematics; and

2.4 Motivation in Mathematics?

3. What is the level of problem-solving
confidence of the respondents?

4. What is the level of numeracy skills of the
respondents?

5. Is there a significant relationship between

the:

51 respondents’ attitudes towards
Mathematics and their numeracy skills; and

52 respondents’ problem-solving

confidence and their numeracy skills?

6. Based on the findings, what Numeracy Skills
Enhancement Plan can be proposed?

Statement of the Null Hypotheses

Based on the objectives of the study, the
following null hypothesis were tested at 0.05 level of
significance:

Hoa: There is no significant relationship between
the respondents’ attitudes towards Mathematics and
their numeracy skills.

Hoz: There is no significant relationship between
the respondents’ problem-solving confidence and
their numeracy skills.

Significance of the Study

The present study, which examines the
relationship between numeracy skills and problem-
solving confidence among Grade 9 students holds
considerable  significance  for  several key
stakeholders:

Department of Education. For policymakers
and officials in the Department of Education, this
research provides empirical evidence that may guide
curriculum review and policy development in
mathematics education. It highlights the importance
of integrating both cognitive (numeracy) and affective
(confidence) domains in mathematics learning,
supporting the development of programs that enhance
student performance and self-efficacy.

School Administrators. The results of this
study can help school administrators design and
implement intervention programs that strengthen both
numeracy skills and confidence in problem-solving.
Insights from this research may also inform school-
based initiatives to address gaps in mathematics
achievement and encourage a positive learning
environment.

Teachers. Mathematics teachers can benefit
from the study by gaining a deeper understanding of
how numeracy and confidence interact in the
classroom. The findings can help them choose more
effective instructional strategies that not only improve
mathematical proficiency but also build problem-
solving confidence

Learners. The results of the study are beneficial
to the students themselves, as it emphasizes the value
of developing both strong numeracy skills and
confidence in problem-solving. With increased
awareness of these factors, learners may be
motivated to engage more actively in mathematics,
ultimately improving their academic performance and
self-belief.

Parents. Parents can use the findings to better
understand how their children’s numeracy skills and
confidence levels interact. This knowledge can
encourage more effective parental support at home,
whether through helping with problem-solving tasks
or fostering a positive attitude towards mathematics
learning.

School Community. The study supports the
entire school community in promoting a culture that
values both competence and confidence in
mathematics. By recognizing the dual importance of
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skills and attitudes, schools can cultivate a more
holistic and supportive environment for learners.

Researcher. For the researcher, this study
contributes to professional growth and expertise in the
field of mathematics education. It provides firsthand
experience in conducting empirical research and
offers insights that may guide future academic and
professional pursuits..

Future Researchers. This study serves as a
useful reference for future studies exploring the
interplay of numeracy skills, confidence, and other
affective factors in mathematics education. It can also
be replicated or extended to other grade levels or
contexts, contributing to the growing body of
literature on mathematics learning and self-efficacy.

RESEARCH METHODOLOGY

This section presented the research design,
respondents, research environment, instruments used,
data-gathering procedure, ethical considerations,
scoring procedure, and statistical tools employed in
the study.

Design

The present study utilized a descriptive—
correlational research design. This design is
appropriate for research that seeks to describe
variables as they naturally occur within a population
and to examine the degree of association between or
among them without exerting experimental
manipulation (Seeram, 2019).

Because the wvariables under investigation
already exist and were not subjected to treatment or
intervention, a correlational approach was deemed
most suitable. This design allowed the researcher to
obtain quantitative measures of attitudes, confidence,
and numeracy competence through the use of
standardized and adopted research instruments, and to
statistically analyze their interrelationships. The
results derived from this design further served as the
empirical basis for formulating the proposed
Numeracy Skills Enhancement Plan.

Input

Respondent’s Profile
Descriptive Correlational Design
Attitudes Toward Mathematics
- Self-confidence
- Value of Mathematics
- Enjoyment in Mathematics
- Motivation in Mathematics

Problem-Solving Confidence

Numeracy Skills

Flow of the Study

The study followed an Input—Process—Output
(IPO) framework to organize the variables, research
activities, and expected outcome of the investigation.
This model provides a systematic representation of
how the study was carried out in relation to the
research problems and intended output. Figure 2
illustrates the process of data gathering.

This phase included the identification of the
respondents’ profiles (age, gender, parents’ highest
educational attainment, and combined monthly
income), their attitudes toward Mathematics in terms
of self-confidence, value of Mathematics, enjoyment,
and motivation, their level of problem-solving
confidence, and their numeracy skills as assessed
through the adapted numeracy test. The input also
included the determination of the significant
relationships  between (a) attitudes toward
Mathematics and numeracy skills, and (b) problem-
solving confidence and (c) numeracy skills.

The process phase involved the major research
activities undertaken in the study, such as the selection
of respondents through purposive sampling,
administration of the adopted research instruments,
and the organization, tabulation, and statistical
treatment of the gathered data. Appropriate statistical
tools—including frequency, percentage, mean,
standard deviation, and Pearson r correlation—were
applied to analyze and interpret the findings in
alignment with the research objectives.

Based on the results of the data analysis, the
researcher  developed a  Numeracy  Skills
Enhancement Plan. This enhancement plan aims to
improve learners’ numeracy skills and strengthen
their problem-solving confidence through regular
diagnostic assessments, guided feedback, and targeted
learning activities. The plan serves as the practical
output of the study and is intended to address
identified gaps in numeracy performance and
confidence among Grade 9 students.

Transmittal Letter

Tabulation Of Data Numeracy Skills
Enhancement Plan
Analysis of Data

Process Output

Approval of

Gathering of Data

Interpretation of
Data

Figure 2. Flow of the Study
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Environment Curriculum and offer Grade 9 Mathematics, making
The study was conducted at a private school in this a suitable site for assessing numeracy skills,
Minglanilla, Cebu. This school implement the attitudes toward Mathematics, and problem-solving
Department of Education’s K-12 Basic Education confidence.

Figure 3. Location Map of the Research Environment

The institution maintains classrooms equipped lessons, including numeracy-focused activities,
with essential learning resources and instructional problem-solving tasks, and performance-based
materials that facilitate the delivery of mathematics assessments. Teachers regularly implement varied

i
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teaching strategies to cater to different learner needs,
making the school a suitable setting for examining
students’ numeracy competence, problem-solving
confidence, and attitudes toward mathematics.

The  presence  of  supportive  school
administrators, trained mathematics teachers, and
established academic programs contributes to an
environment conducive to data collection. The
school’s commitment to continuous improvement and
learner development ensures that the findings of this

Respondents

The respondents of this study were Grade 9
learners enrolled during School Year 2025-2026.
They were selected through purposive sampling, a
method appropriate for identifying individuals who
meet specific criteria relevant to the study; namely,
students currently exposed to mathematics lessons
that develop numeracy skills, attitudes toward
Mathematics, and problem-solving confidence. This
sampling technique ensured that the data collected

study are relevant for enhancing mathematics would be meaningful and directly aligned with the
instruction  and  supporting  evidence-based objectives of the study. The sample distribution of the
educational practices. respondents is presented in Table 1 below.
Table 1 - Distribution of the Respondents

Grade 9 n %

Section 1 49 49.00

Section 2 51 51.00

Total 100 100.00

The respondents of this study were 100 Grade 9
students enrolled at St. Cecilia’s College — Cebu, Inc.
during the academic year. They were selected to
participate because Grade 9 is a critical stage in the
development of numeracy competence, particularly in
algebraic reasoning, problem-solving, and higher-
order mathematical skills.

As shown in the table, the respondents were
distributed across two Grade 9 sections. Section 1
consisted of 49 students (49%), while Section 2 had
51 students (51%). This nearly equal distribution
ensures balanced representation across the grade
level, supporting fair and reliable analysis of students’
numeracy skills, problem-solving confidence, and
attitudes toward mathematics.

Instrument

The researcher utilized adopted research
instruments to obtain the data necessary for the study.
These instruments measured the respondents’ profile,
attitudes toward Mathematics, problem-solving
confidence, and numeracy skills. The instruments
used were as follows:

Part 1. Profile of the Respondents. This
section was designed to gather demographic
information from the respondents. The profile
included: name(optional), age, gender, parents’
highest educational attainment, and combined
monthly income.

Part Il. Students’ Attitude Toward
Mathematics. This scale measured the attitudes of
Grade 9 learners toward Mathematics across four
domains: self-confidence in Mathematics, value of
Mathematics, enjoyment in Mathematics, and

motivation in Mathematics. It was adopted from the
Attitude towards Mathematics Inventory
questionnaire by Tapia and Marsh (2004). The
instrument consisted of positively and negatively
worded items rated on a 5-point Likert scale (1-
Strongly Disagree to 5-Strongly Agree). Higher mean
scores reflected more positive attitudes toward
Mathematics.

Part 111. The Problem-Solving Confidence
of the Learners. This part measured the confidence
level of Grade 9 students in solving mathematics
problems. It was adopted from the Problem-Solving
Confidence Questionnaire developed by Gok
(2012). The instrument consisted of 20 worded
statements reflecting students’ confidence in problem
solving, rated on a 5-point Likert scale: (1-Strongly
Disagree to 5-Strongly Agree). Higher scores
indicated higher problem-solving confidence in
numeracy.

Part 1IV. The Numeracy Test. This part
assessed the numeracy skills of the Grade 9 students.
The 40-item numeracy test adopted from Department
of Education’s Rapid Mathematics Assessment
(RMA), which covered essential mathematical
concepts and problem-solving skills aligned with the
Grade 9 mathematics curriculum. The items included
operations involving polynomials, solving linear and
quadratic equations using various methods (factoring,
completing the square, and the quadratic formula),
and problems on direct variation. The test was
designed to measure students’ understanding,
computation, and application skills in mathematics.
Each correct answer was given one point, and the total
score represented the student’s numeracy level.
Higher scores indicated higher numeracy proficiency.
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Data Gathering Procedures

Preparatory Stage. The researcher sent a letter
to the office of the school’s division superintendent at
the Department of Education, Cebu Province
Division.  After it was approved, the researcher
carried the letter by hand and gave it to the school
principal of the school to formally inform the
researcher’s intention and to schedule a meeting with
the teacher and student respondents for the conduct of
the survey.

Data Gathering Stage. On the scheduled day of
data collection, the researcher conducted an
orientation session last November 26,2025 to explain
the purpose of the study, the procedures involved, and
the rights and protections of the participants. Ethical
considerations—including voluntary participation,
the right to withdraw at any time, and assurances of
confidentiality—were clearly emphasized. The
respondents were informed that their personal
information and responses would be handled in
compliance with data privacy standards and used
solely for academic purposes.

After the orientation, the survey questionnaires
were administered on the same day. Clear instructions
were provided on how to accomplish each part of the
instrument. The researcher remained available to
clarify questions while ensuring that responses were
completed independently. Sufficient time was allotted
for answering, and all completed questionnaires were
retrieved immediately after the session to maintain
data integrity and confidentiality.

Post Data Gathering Stage. When the scores
were carefully gathered, it was individually encoded
and tabulated using Excel. The variables which were
found in the statement of the problem were extracted,
using a summary sheet that contains all the required
information from this study. Then, the data were
statistically treated, analyzed, and tabulated orderly.
Furthermore, the interpretations were made possible
based on the outcomes from the statistical tools used.
Likewise, the data from the outcome was discussed in
parallel according to the arrangement presented in the
statement of the problem. To validate the data more,
additional related studies were provided to elaborate
the discussion.

Statistical Treatment of Data

After data collection, the data gathered had
undergone different statistical treatments with the aid
of the statistician. To arrive at reliable results, the
following statistical tools were used:

Frequency. This tool was used to determine the
number of characteristics in which the respondents
fell in the same category, particularly in the profile.
Each response was recorded and tallied.

Simple Percentage. This tool was utilized to
describe the proportion of the respondents who belong
to the same category as the total number of
respondents specifically on their profile.

Weighted Mean. The mean was used to
determine the respondents’ overall level of attitudes
toward  Mathematics, their  problem-solving
confidence, and their numeracy skills.

Standard Deviation. This measure was used to
determine the wvariability or dispersion of the
respondents’ scores from the mean in the attitude
scale, problem-solving confidence scale, and
numeracy test.

Spearman Rho (rho). This statistical tool was
used to determine the significance of the relationship
between attitudes toward Mathematics and numeracy
skills, and problem-solving confidence and numeracy
skills.

Scoring Procedure

Data that were collected through the research
instruments were calculated and interpreted according
to the following procedures:

To determine the respondents’ attitude towards
Mathematics, the responses from the Likert-scale
questionnaire adopted from Tapia and Marsh (2004)
were tallied and interpreted using the scale below.
Each item was rated on a five-point Likert scale, with
responses ranging from 1 (Strongly Disagree) to 5
(Strongly Agree). The weighted mean and standard
deviation were computed per item, per domain (self-
confidence, value of math, enjoyment of math, and
motivation), and as a composite score. These were
interpreted using the following scale:

Table 2

Scale Numerical rating Descriptive Rating Description
The student consistently demonstrates a
5 4.21 —5.00 Very Positive very positive attitude toward
Mathematics, showing strong interest,
enjoyment, and confidence in engaging

with mathematical tasks.
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4 3.41—-4.20

3 2.61—-3.40

2 1.81—2.60

1 1.00—1.80

To determine the respondents’ level of problem-
solving confidence, the responses from the Likert-
scale questionnaire adopted from Gok (2012) were
tallied, scored, and interpreted using the scale below.

Scale Numerical rating
5 4.21—-5.00
4 3.41—-4.20
3 2.61—3.40
2 1.81—2.60
1 1.00 —1.80

Table 3

Positive

Neutral

Negative

Very Negative

Descriptive Rating

Very High Confidence

High Confidence

Moderate Confidence

Low Confidence

Very Low Confidence

The student generally shows a positive
attitude toward Mathematics, with interest
and willingness to learn, though
occasional doubts or hesitations may arise.

The student sometimes feels comfortable
with Mathematics but may show mixed
feelings, experiencing both interest and
uncertainty depending on the task.

The student often displays a negative
attitude toward Mathematics, frequently
feeling hesitant, discouraged, or unsure
when working with  mathematical
concepts.

The student rarely demonstrates a positive
disposition toward Mathematics and often
shows avoidance, discomfort, or strong
doubts about their mathematical abilities.

Each item was rated on a five-point Likert scale, with
responses ranging from 1 (Strongly Disagree) to 5
(Strongly Agree).

Description
The student consistently demonstrates
very high confidence in solving
mathematics problems and believes
strongly in their ability to succeed in
numeracy tasks.

The student generally shows high
confidence in solving mathematics
problems, with only minor doubts or
hesitations.

The student sometimes feels confident in
solving mathematics problems but may
experience occasional self-doubt or
uncertainty.

The student often lacks confidence when
faced with mathematics problems and
may be hesitant in applying problem-
solving strategies.

The student rarely  demonstrates
confidence in solving mathematics
problems and often doubts their
ability in numeracy.
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To determine the respondents’ level of
numeracy skills, the 40-item numeracy test was
scored by assigning one point for each correct
answer and zero for each incorrect answer. The

Score Range Numeracy Level

33-40 Advanced
25-32 Proficient
17-24 Basic
9-16 Developing
0-8 Beginning

To determine the relationship between the
variables, the study employed the Spearman Rho
(rho). This statistical tool was used to examine the
relationship between:

(1) the  respondents’  attitudes  toward
Mathematics and their numeracy skills, and
(2) their  problem-solving confidence and

numeracy skills.

Ethical Considerations

This study was conducted in accordance with
accepted ethical standards in educational research to
ensure the protection, dignity, and welfare of all
participants. Prior to data collection, permission to
conduct the study was secured from the school
administration. Participation of the respondents was
voluntary, and informed consent was obtained,
emphasizing that participants had the right to
withdraw from the study at any stage without any
penalty.

Confidentiality and anonymity of the
respondents were strictly maintained. No names or
personally identifiable information were recorded in
the research instruments. Codes were used in place
of identities to ensure that individual responses could
not be traced back to specific participants.

In compliance with the Data Privacy Act of
2012 (Republic Act No. 10173), all data gathered
were used solely for academic and research purposes.
Collected data were securely stored and accessed
only by the researcher. Electronic files were
password-protected, while printed materials were
kept in a secured location. After the completion of
the study, all data will be properly disposed of

Table 4

total score was computed for every learner, and
the results were interpreted using the numeracy
mastery-level scale presented below.

Description

Demonstrates excellent numeracy and reasoning ability.

Strong understanding and problem-solving skills.

Understands fundamental concepts; minor errors in complex
problems.

Limited skills; needs guided practice.

Struggles with basic numeracy skills; needs
remediation.

following ethical research guidelines.

Overall, the study ensured that ethical
principles of respect, beneficence, and integrity were
upheld throughout the research process.

DEFINITION OF TERMS

The following terms are operationally defined
according to how it is used in the study for better
understanding:

Attitude Toward Mathematics (ATM). Refer
to a learner’s overall disposition, feelings, and beliefs
about mathematics, including their interest,
enjoyment, and perceived value of the subject. In this
study, it is measured through students’ responses to
indicators such as: Enjoyment of mathematics,
Interest and motivation, Perceived usefulness, and
Confidence in learning mathematics .

Enjoyment in Mathematics. This refers to the
level of pleasure or interest respondents experience
when engaging in mathematical activities, as
reflected in their responses to the enjoyment
component of the attitude questionnaire.

Grade 9 Students. In the context of this
research, they are enrolled under the K to 12 Basic
Education Curriculum in public and private junior
high schools for the school year 2025-2026 within
the research locale who will participate as
respondents.

Motivation in Mathematics. This refers to the
respondents’ willingness and drive to engage in
learning mathematics and complete mathematical
tasks, as measured by the motivation indicators in the
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survey.

Numeracy Skills. This refers to the Grade 9
students’ ability to perform mathematical operations,
interpret quantitative information, and apply
problem- solving strategies aligned with the K to 12
Mathematics Curriculum of the Department of
Education (DepEd). These skills will be measured
using a researcher-made numeracy test based on
competencies in algebra, geometry, and statistics for
Grade 9.

Numeracy Skills Enhancement Plan. This
refers to the intervention program proposed in the
study to improve the numeracy skills and problem-
solving confidence of Grade 9 students.
Operationally, it includes structured and scaffolded
mathematics activities aligned with the K-12
curriculum, with effectiveness measured through
students’ numeracy test scores and problem-solving
confidence levels.

Problem-Solving Confidence. This term refers

to the learners’ self- assurance in handling
mathematical problems as reflected in their
willingness to attempt, persist, and complete

problem-solving tasks. In this study, it will be
measured using a Likert-scale questionnaire adopted
from Gok (2012)

Self-Confidence in Mathematics. This refers
to the respondents’ perceived belief in their ability to
understand and perform mathematical tasks, based
on the self-confidence component of the attitude
questionnaire.

Value of Mathematics. This refers to the
extent to which respondents perceive mathematics as

useful, important, and relevant to daily life and future
career, as measured by the value-of-math indicators
in the survey.

Chapter 2
PRESENTATION, ANALYSIS AND
INTERPRETATION OF DATA

This chapter presented the analyses and
interpretations of the data gathered from the study
which aimed to determine the profile of the
respondents in terms of their age, gender, parents’
highest educational attainment, and combined family
monthly income. This also assessed the numeracy
competence of the respondents through numeracy
test, problem solving confidence and their attitudes
towards mathematics in terms of self-confidence,
value of math, enjoyment in math, and motivation
math. Furthermore, the relationship of the
respondents’ numeracy competence and attitudes
towards mathematics and [problem solving
confidence was also considered.

With the help of the respondents’ answers to the
survey questionnaire, the following results and
findings are hereby presented and discussed as
follows:

PROFILE OF THE RESPONDENTS
This section presented the profile of the
respondents in terms of their age, gender, parents’
highest educational attainment, and combined family
monthly income.

Table 5 - Age and Gender of the Respondents

. Female Male Total
Age (in years)
% f % f %
16 and above 3 3.00 2 2.00 5 5.00
15 11 11.00 15 15.00 26 26.00
14 39 39.00 30 30.00 69 69.00
Total 5 5300 47 4700 100 100.00
Mean: 14.37 St.Dev. 0.61

Age and gender are considered important
variables that need to be determine in this study which
could help in explaining the results of the study. Data
gathered are presented in Table 5 below.

As shown in Table 5, there were 53 out of 100
respondents who are female students which
comprised 53.00 percent of the respondents while
there were 47 or 47.00 percent of them were male
students. Thirty — nine or 39.00 percent of the female
students were 14 years old followed by 11 or 11.00

percent of them were 15 years old. Moreover, there
were 30 or 30.00 percent of the male respondents with
of 14 years old and only fifteen or 15.00 percent of
them had age 15 years old. It can be noted that the
male respondents were older than the female
respondents. However, the age of the respondents was
within the expected age of the regular Grade 9
students. This implies that most of them had entered
school on the proper age requirement by DepEd.
Delaying the entry of students in school in order to
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have advantage on their peers or retaining them to a
certain grade level to ensure that they have achieved
at that level could be an impractical strategy to
improve students’ achievement. According to Orbeta
et al. (2021), students are more likely the low
performers because these are those who are retained
or stopped schooling at certain levels.

Parents’ Highest educational Attainment

Parent’s highest educational attainment is an
important demographic factor that may influence
students’ academic behavior and numeracy
development. Understanding this profile variable
helps in explaining possible variations in the study’s
results. Data gathered are presented in Table 6 below.

Table 6 - Parents’ Highest Educational Attainment

Highest Educational Father Mother
Attainment f % f %
Doctorate Graduate 2 2.00 2 2.00
With Doctorate Units 0 0.00 1 1.00
Master’s Graduate 4 4.00 1 1.00
With Master’s Units 2 2.00 4 4.00
College Graduate 58 58.00 68 68.00
College Level 12 12.00 9 9.00
High School Graduate 12 12.00 14 14.00
High School Level 7 7.00 1 1.00
Elementary Graduate 0 0.00 0 0.00
Elementary Level 2 2.00 0 0.00
No Formal Education 1 1.00 0 0.00
Total 100 100.00 100 100.00

Table 3 showed the distribution of parents’
highest educational attainment as reported by the
respondents. The results indicate that the majority of
both fathers (58%) and mothers (68%) are college
graduates, suggesting a generally well-educated
parental population. Having a substantial nhumber of
parents who completed higher education may
contribute to stronger academic support at home, as
parents with higher educational attainment tend to
value schooling and are more capable of assisting their
children academically. According to Jin (2023),
parental education remains one of the strongest
predictors of student learning outcomes, as parents
with college backgrounds often provide more
structured learning environments.

Furthermore, a number of parents also reported
being college level (fathers 12%; mothers 9%) or high
school graduates (fathers 12%; mothers 14%). This
indicates that although a significant portion attained
tertiary education, there is still a notable group whose
formal schooling stopped at secondary level. Research
by Davis-Kean et al. (2021) emphasizes that parental
education shapes the cognitive stimulation children
receive at home, suggesting that differing educational
backgrounds may lead to varied levels of academic
engagement and support.

The table also shows a smaller percentage of
parents holding postgraduate degrees (doctorate and
master’s), ranging from 1-4%. This group, though
limited in number, may reflect families with strong
academic orientation and higher educational

aspirations. A study by Bener et al. (2021) found that
parents with advanced degrees demonstrate higher
expectations for their children's educational
performance, which often translates to more positive
learner outcomes.

Very few parents completed only elementary
education or had no formal schooling. While this
represents a minor proportion of the sample, it is
essential to recognize that parents with lower
educational attainment may face challenges in
providing academic assistance at home. Davis-Kean
et al. (2021) argue that lower parental education is
often associated with reduced confidence in guiding
children's schoolwork, though it does not diminish
their motivation to support their children.

In general, the results show that the respondents
come from families where most parents have achieved
higher levels of education, particularly college
degrees. This may have positive implications for the
learners’ academic environments, as higher parental
education is frequently associated with greater
educational support, enhanced motivation, and
stronger emphasis on schooling.

Combined Family Income

The respondents’ monthly family income is a
key socioeconomic variable that may affect learning
opportunities, access to resources, and overall
academic performance. This information helps
contextualize the outcomes of the study. Data
gathered are presented in Table 7 below.
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Table 7 - Respondents’ Combined Family income

Description of Monthly Income Monthly Income (in pesos) f %
High-income households 76,700 and above 15 15.00
Upper-middle-income households between 43,829-76,699 18 18.00
Middle-income households between 21,915-43,828 32 32.00
Lower-middle-income households between 10,957-21,914 22 22.00
Low-income households less than 10,957 13 13.00

Total 100 100.00

Table 7 showed the distribution of the
respondents’ combined family income. The results
reveal that the largest proportion of respondents
(32%) belong to families earning between P21,915—
P43,828 monthly, placing them within the lower-
middle to middle-income bracket. Families in this
range are generally able to meet basic needs but may
still experience financial limitations in terms of
educational expenses and enrichment activities.
According to Catacutan et al. (2024), Filipino
households within the middle-income spectrum often
balance essential needs with limited discretionary
spending, which may affect the level of educational
support they can provide.

A substantial portion of the respondents also
come from families earning P10,957-P21,914 (22%),
indicating that nearly one-fourth fall within lower-
income categories. Families in this income range may
face economic pressures that influence children’s
schooling experiences, such as limited access to
learning materials at home. Mistry et al. (2021) found
that financial strain can affect students’ overall
learning conditions, particularly in early childhood
and elementary levels, where parental provision of
resources plays a critical role.

Conversely, 15% of respondents belong to
higher-income households earning $76,700 and
above, while another 18% fall between P43,829—
P76,699. These groups represent upper-middle to
high-income families who typically have greater
financial capacity to support academic needs, such as
supplemental learning programs, digital devices, or
additional tutoring. Research by Paulus, Spinath, and
Hahn (2021) emphasizes that higher socioeconomic

status is associated with greater access to educational
opportunities and a more conducive home learning
environment.

Meanwhile, 13% of the respondents belong to
households earning less than P10,957, reflecting
economically vulnerable families. Children from low-
income households often encounter challenges related
to resource availability, parental time for academic
supervision, and stable learning routines. Xia (2024)
assert that socioeconomic disadvantage can influence
a child’s academic readiness and engagement,
although supportive school environments can help
mediate these effects.

In general, the results indicate that the
respondents come from diverse socioeconomic
backgrounds. This range of financial conditions may
influence the learners’ access to academic resources,
and overall educational experiences.

LEVEL OF RESPONDENTS’ ATTITUDES
TOWARDS MATHEMATICS
The overall attitude of students toward
mathematics is a key affective factor that can
influence their motivation, engagement, and academic
performance. Assessing their general attitude
provides a comprehensive understanding of how they
perceive and respond to mathematical tasks.
Self-confidence
Self-confidence in  mathematics  reflects
students’ belief in their ability to perform
mathematical tasks. Measuring this component of
attitude helps explain its influence on numeracy
competence. Data gathered are presented in Table 8.

Table 8 - Level of respondents' attitudes towards Mathematics in terms of self-confidence

SIN Indicators WM SD Ver_ba_l
Description
1 Mathematics is a standout amongst my most feared subjects. 3.38 1.02 Neutral
2 My mmd goes blank, and I am unable to think clearly when 310 1.06 Neutral
working with math.
3 Studying mathematics makes me feel nervous. 2.77 1.17 Neutral
4  Mathematics makes me feel uncomfortable. 2.36 1.11 Negative
5 I am constantly under an awful strain in a math class. 2.71 1.08 Neutral
6  When I hear the word mathematics, | feel uneasy. 2.31 1.19 Negative
7 It makes me nervous to even think about completing a math 273 135 Neutral
problem.
8  Mathematics does not scare me at all. 2.72 1.10 Neutral
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9 lexpectto do well in any math class | take. 3.02 1.07 Neutral
10 1 am constantly confused in my math class. 2.96 1.09 Neutral
11 | have a lot of self-confidence when it comes to mathematics. 2.62 1.07 Neutral
12 1 am able to solve math problems without much difficulty. 2.73 1.21 Neutral
13 | feel insecure when trying to do mathematics. 3.00 1.23 Neutral
14 | learn mathematics easily. 2.82 1.05 Neutral
15 | believe that | am good at solving math problems. 2.78 1.10 Neutral
Aggregate Mean 2.80 Neutral

Aggregate Standard Deviation 1.13

Legend: 4.21-5.00-Very Positive; 3.41-4.20- Positive ; 2.61-3.40-Neutral; 1.81-2.60-Negative;1.00-1.80-Very

Negative

Table 5 showed the level of respondents’
attitudes towards Mathematics in terms of self-
confidence. The results reveal that the overall
aggregate mean of 2.80 indicates a Neutral attitude,
suggesting that respondents neither strongly believe in
nor strongly doubt their mathematical abilities. This
neutrality reflects a balanced yet uncertain disposition
toward mathematics, where learners experience both
moments of confidence and hesitation.

The table further shows that several indicators—
specifically items 4 (WM = 2.36) and 6 (WM =
2.31)—obtained Negative verbal descriptions. These
indicators are negatively worded items expressing
discomfort and uneasiness toward mathematics.
Negative reactions such as these are common signs of
mild math anxiety, characterized by feelings of
discomfort and worry in math-related situations.
According to Victor-Edema (2024), math anxiety
continues to influence learners' emotional responses
toward mathematics, often triggered by early
experiences of difficulty or pressure in solving
mathematical tasks.

On the other hand, the majority of the
indicators—such as “Studying mathematics makes me
nervous,” “I expect to do well in any math class,” and
“I learn mathematics easily”- received Neutral ratings.
This suggests that learners do not completely fear
mathematics, but they are also not fully confident in
their abilities. Neutrality in mathematical self-
confidence reflects a transitional mindset where
students may be open to improving but still lack
consistent belief in their skills. In a study by Boaler
(2022), students’ moderate confidence levels often
stem from inconsistent learning experiences, where
success in some areas of math is overshadowed by
difficulty in more complex tasks.

Meanwhile, items that measure positive self-
belief, such as “I believe that 1 am good at solving
math problems” (WM = 2.78) and “I have a lot of self-
confidence when it comes to mathematics” (WM =
2.62), also fall under the Neutral category. This
implies that while students do not explicitly perceive
themselves as weak in mathematics, they have not yet
developed strong confidence in their mathematical
capabilities. Fitz and Price (2025) emphasize that
developing strong mathematical self-concept requires
continuous  reinforcement,  positive  learning
experiences, and supportive instructional practices.

In general, the results show that respondents
hold a Neutral level of self-confidence in
mathematics. This may mean that learners do not
exhibit strong anxiety, but they also lack the firm
confidence needed to excel in mathematical tasks.
Research by Brewster (2023) highlights that students
with moderate or neutral math self-confidence often
benefit significantly from instructional strategies that
build assurance, such as mastery-based learning and
scaffolded problem-solving activities.

Overall, these findings suggest that while
respondents do not fear mathematics intensely, there
remains a need to strengthen their confidence and
reduce lingering feelings of discomfort, especially
among learners who reported negative reactions
toward mathematical tasks.

Value of Mathematics

The value students place on mathematics
indicates their perception of the subject’s importance
and usefulness. This dimension is essential in
understanding motivation and engagement. Data
gathered are presented in Table 9 below.

Table 9 - Level of respondents attitudes towards Mathematics in terms of Value of Mathematics

SIN Indicators WM SD Verbal Description
1 Ma’ghematlcs is an essential and necessary 412 108 Positive
subject.
2 I want to develop my mathematical skills. 4.54 0.81 Very Positive
3 Mathematics helps develop the mind and 419 0.83 Positive
teaches us to think.
4 Mathematics is essential in everyday life. 3.88 1.06 Positive
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5 Ma’ghematlcs is one of the most important 410 0.86 Positive
subjects for people to study.
6 High school math courses would be useful 401 0.97 Positive
regardless of my career path.
7 I can think of many ways that | use math outside 361 1.09 Positive
of school.
8  Studying advanced mathematics is useful. 4.06 0.97 Positive
9 _Studylng math helps me with problem-solving 3.93 0.91 Positive
in other areas.
10 A solld_ math_foundatlon could help me in my 4.00 0.93 Positive
professional life.
Aggregate Mean
4.04 Positive
Aggregate Standard Deviation 0.95

Table 9 showed the level of respondents’
attitudes towards Mathematics in terms of the value of
math. The table reveals an aggregate mean of 4.04,
which corresponds to a Positive verbal description.
This indicates that respondents generally recognize
the importance, usefulness, and relevance of
mathematics in both academic and real-life contexts.

The results show that respondents strongly
acknowledge mathematics as beneficial, especially
with Item 2 (WM = 4.54) obtaining a Very Positive
rating. This reflects a strong desire among learners to
further develop their mathematical skills. According
to Morano et al. (2023), students’ motivation to
enhance mathematical abilities is closely linked to
their belief in math’s long-term usefulness and its role
in cognitive development.

Most indicators, such as “Mathematics is an
essential subject,” “Mathematics helps develop the
mind,” and “Math is essential in everyday life”,
received Positive responses. These items highlight the
respondents’ awareness of math’s significance across
various domains. In the study of DiNapoli and Miller
(2022), students who perceive mathematics as
valuable tend to demonstrate greater engagement and
persistence when solving mathematical tasks because
they believe math contributes directly to critical
thinking and logical reasoning.

Responses also show a strong acknowledgment
of math’s role beyond school settings. For instance,
Item 7 (WM = 3.61) indicates that many respondents
can identify ways they apply math in daily situations,
such as budgeting, measuring, and interpreting
information. This is consistent with the findings of

Morano et al. (2023), who reported that students’ real-
world experiences significantly influence their
appreciation of math’s practicality.

Moreover, respondents expressed positive
attitudes toward the importance of mathematics in
future careers, with items such as “A solid math
foundation could help me in my professional life”
(WM = 4.00) and “High school math courses are
useful regardless of my career path” (WM = 4.01).
Tan and Lim (2024) emphasize that learners who view
math as essential to their future employment are more
likely to engage deeply with mathematical content and
see its long-term relevance in a global workforce
increasingly dependent on quantitative skills.

In general, the results show that respondents
highly value mathematics, recognizing both its
academic benefits and its application in everyday life.
This positive perception may reflect the effectiveness
of classroom instruction, increased exposure to real-
life math applications, and growing awareness of
math’s relevance across careers and life situations.
Such valuing of mathematics is essential, as noted by
Roche et al. (2023), who argue that students who
appreciate the relevance of mathematics are more
likely to approach the subject with confidence,
motivation, and sustained interest.

Enjoyment in Mathematics

Enjoyment in mathematics represents the
emotional aspect of learning the subject, which may
significantly influence performance and persistence.
This indicator is examined to determine its
contribution to numeracy outcomes. Data gathered are
presented in Table 10 below.

Table 10 - Level of respondents attitudes towards Mathematics in terms of Enjoyment in Mathematics

SIN Indicators WM SD Ver_ba_l
Description
1 I get much satisfaction out of solving a math problem. 3.60 1.23 Positive
2 I have generally enjoyed studying math in school. 3.14 0.96 Neutral
3 Mathematics is dull and boring. 211 0.89 Negative
4 I like to tackle new problems in mathematics. 2.88 1.03 Neutral
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5 I would rather complete a task in math than write an essay. 2.80 1.44 Neutral
6 I like mathematics. 3.13 1.13 Neutral
7 I am happier in a mathematics class than in any other class. 2.68 1.08 Neutral
8 Mathematics is an interesting subject. 3.81 0.92 Positive
9 I am comfortable expressing my own ideas on how to solve a 274 102 Neutral
difficult math problem.
10 1 am comfortable answering questions in math. 2.92 0.93 Neutral
Aggregate Mean
2.98 Neutral
Aggregate Standard Deviation 1.06

Table 10 showed the level of respondents’
attitudes towards Mathematics in terms of enjoyment
in math. The table reveals an aggregate mean of 2.98,
which corresponds to a Neutral verbal description.
This suggests that respondents neither strongly enjoy
nor strongly dislike mathematics. Their attitudes
reflect a moderate stance where some aspects of math
are appealing, while others may still pose challenges
or discomfort.

The results show that the highest-rated
indicators—Item 1 (WM = 3.60) and Item 8 (WM =
3.81)—obtained Positive descriptions. These items
highlight that many respondents find satisfaction in
solving math problems and consider mathematics an
interesting subject. Students who perceive problem-
solving as enjoyable often experience deeper
engagement and persistence. According to Jones
(2023), enjoyment in academic tasks enhances
intrinsic motivation, allowing learners to sustain
interest even when tasks become more challenging.

However, the findings also show that Item 3
(WM = 2.11) received a Negative rating, reflecting
that some students still see mathematics as dull or
boring. Negative perceptions like these may stem
from past difficulties or teaching approaches that do
not align with students’ preferred learning styles. Anh
and Duong (2023) found that students’ enjoyment of
mathematics significantly increases when learning
experiences are interactive, meaningful, and
connected to real-life contexts.

Most of the items—including “I have generally
enjoyed studying math,” “I like mathematics,” “I am
happier in a mathematics class,” and “I am
comfortable answering questions in math”—received
Neutral ratings. This suggests that while students

acknowledge some positive aspects of mathematics,
they do not consistently experience enjoyment or
comfort in math-related activities. Neutral responses
often indicate inconsistent experiences, where
students may enjoy mathematical activities under
certain conditions but struggle in others. In the study
of Hettinger et al. (2023) students with moderate
enjoyment in math tend to fluctuate in engagement
depending on task difficulty, classroom climate, and
the support they receive from their teachers.

Additionally, the neutral ratings on items related
to participation—such as expressing ideas during
problem solving or answering questions in class—
imply that students may still lack full confidence in
contributing during math discussions. Aulia (2024)
emphasized that classroom environments that
encourage risk-taking and value student reasoning
significantly increase enjoyment and willingness to
participate.

In general, the results show that respondents
have a neutral level of enjoyment in mathematics.
This indicates that while students recognize the
interesting and satisfying aspects of math, they do not
consistently  experience joy or comfort in
mathematical activities. As noted by Sujatha and
Vinayakan (2023), fostering enjoyment in math
requires engaging instructional strategies, supportive
classroom interactions, and opportunities for students
to experience meaningful mathematical success.

Motivation in Mathematics

Motivation in mathematics reflects the level of
effort students are willing to exert when engaging with
mathematical tasks. Assessing this factor helps clarify
its role in developing numeracy skills. Data gathered
are presented in Table 11 below.

Table 11 - Level of respondents attitudes towards Mathematics in terms of Motivation
in Mathematics

SIN Indicators WM SD Ver_ba_l
Description
1 I am confident that | could learn advanced mathematics. 2.85 1.16 Neutral
2 I would like to avoid using mathematics in school. 2.28 1.00 Negative
3 I w_|II take more than the required number of mathematics 250 0.85 Negative
subjects.
4 | plan to take as much mathematics as | can during my 301 0.97 Neutral

education.
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5  The challenge of mathematics appeals to me. 3.22 0.94 Neutral

Aggregate Mean
2.17 Neutral
Aggregate Standard Deviation 0.98

Table 11 showed the level of respondents’
attitudes towards Mathematics in terms of motivation
in math. The table reveals an aggregate mean of 2.77,
which corresponds to a Neutral verbal description.
This indicates that the respondents exhibit a moderate
level of motivation toward learning mathematics.
They do not fully avoid the subject, yet they are not
highly driven to pursue extensive math learning
beyond what is required.

Two indicators—Item 2 (WM = 2.28) and Item
3 (WM = 250)—obtained Negative verbal
descriptions. These negatively worded indicators
suggest that some respondents prefer to avoid using
mathematics in school and are not inclined to take
more math subjects beyond the required courses.
Negative motivation may stem from previous
challenging experiences or perceived difficulty in
understanding mathematical concepts. According to
Aguilar (2021), students with low motivation in
mathematics often report anxious or discouraging
learning experiences that affect their willingness to
engage further with the subject.

Meanwhile, most indicators—including “I am
confident that I could learn advanced mathematics”
(WM =2.85), “I plan to take as much mathematics as
I can during my education” (WM = 3.01), and “The
challenge of mathematics appeals to me” (WM =
3.22)—received  Neutral  descriptions.  These
responses indicate a balanced but uncertain level of
motivation, where students recognize the value of
mathematics but may still be hesitant about

committing deeper effort. Hettinger et al. (2023)
found that students’ math motivation is strongly
influenced by classroom climate and instructional
support; when learners feel encouraged and
supported, they show greater willingness to persist in
mathematical tasks.

Items showing neutrality also highlight that
respondents do not reject the idea of pursuing more
advanced mathematics, but they are not strongly
compelled either. This middle-ground perspective
often reflects students’ fluctuating confidence and
varying levels of self-efficacy. In the study of Roche
et al. (2021), moderate motivation in mathematics is
commonly observed when learners perceive the
subject as important but also challenging, resulting in
a cautious approach to further mathematical
engagement.

In general, the results show that respondents
hold a Neutral level of motivation toward
mathematics. This means that while they are open to
learning and can appreciate the challenge of the
subject, they do not demonstrate strong enthusiasm
toward taking more math courses or integrating
mathematics deeply into their educational plans. As
emphasized by Siregar (2025), strengthening
students’ motivation requires meaningful learning
experiences, supportive feedback, and opportunities
to succeed in challenging tasks, all of which help
students develop greater persistence and interest in
mathematics.

Table 12 - Summary on the level of respondents Attitudes towards Mathematics

Components WM SD Verbal Description
Self-confidence 2.80 1.13 Neutral
Value of Math 4.04 0.95 Positive

Enjoyment in Math 2.98 1.06 Neutral

Motivation in Math 2.77 0.98 Neutral
Grand Mean 3.15

Grand Standard Deviation 1.03 Neutral

Table 12 presented the summary of respondents’
attitudes  towards  Mathematics  across  four
components—self-confidence, value of math,
enjoyment in math, and motivation in math. The table
reveals a Grand Mean of 3.15, which corresponds to a
Neutral verbal description. This indicates that overall,
the respondents exhibit a balanced but moderate
attitude toward mathematics, showing neither strong

negativity nor strong positivity, except in their
valuation of the subject.

The findings show that Value of Math obtained
the highest weighted mean (WM = 4.04, Positive).
This indicates that respondents clearly recognize the
importance and usefulness of mathematics in
education, daily life, and future careers. According to
Hill et al. (2023), students who value mathematics
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tend to see its relevance beyond the classroom,
contributing to stronger appreciation and long-term
engagement with the subject.

Meanwhile, the components of Self-confidence
(WM = 2.80), Enjoyment in Math (WM = 2.98), and
Motivation in Math (WM = 2.77) all yielded Neutral
descriptions. These results suggest that respondents
hold moderate beliefs about their abilities, experience
a fair amount of enjoyment, and possess an average
level of motivation when dealing with mathematical
tasks. Neutral attitudes reflect inconsistencies in
experiences—where students may feel confident or
motivated in some mathematics topics but not in
others. In a study by Augilar (2021), students’ mixed
experiences in mathematics often lead to fluctuating
confidence and motivation, particularly when they
encounter varying levels of difficulty across topics.

The neutral ratings for enjoyment and
motivation also imply that while students do not
strongly dislike mathematics, they are not fully
enthusiastic about pursuing it either. Liu et al. (2022)
highlighted that students with moderate enjoyment
tend to participate more when learning environments
are supportive and tasks are meaningful. Likewise,

Morano et al. (2021). found that moderate motivation
is typical among learners who perceive mathematics
as valuable but challenging, resulting in cautious
engagement rather than strong proactive involvement.

Overall, the Grand Mean of 3.15 indicates a
generally Neutral attitude toward mathematics. This
means that although students recognize the
importance of mathematics, they do not consistently
feel confident, motivated, or highly joyful when
engaging with mathematical tasks. As emphasized by
Sujatha and Vinayakan (2023), strengthening positive
attitudes in mathematics requires instructional
practices that foster success experiences, provide
supportive feedback, and connect mathematical ideas
to real-life applications.

LEVEL OF PROBLEM SOLVING
CONFIDENCE OF THE RESPONDENTS
Problem-solving confidence indicates students’
perceived ability to analyze and solve mathematical
problems. Understanding this variable is crucial in
interpreting students’ numeracy performance. Data
gathered are presented in Table 13 below.

Table 13 - Level of problem-solving confidence of the respondents

SIN Indicators WM SD Verbal Description
1 I like to solve to a problem 3.10 1.06 Moderate
2 I enjoy solving a problem 3.10 1.07 Moderate
3 I like to solve a numeric problem 2.96 1.01 Moderate
4 1 do my best to be successful in problem solving 3.90 0.87 High
5 I aminterested in problem solving 3.28 0.98 Moderate
6 I like to struggle with solving problem even if | 314 116 Moderate

cannot solve the problem
7 I like to solve problems from different sources 3.00 1.01 Moderate
8 | struggle with a problem until | find the correct 370 0.86 High
answer
9 I try too hard when | cannot solve the problem 3.60 1.06 High
10 I amsure that I can solve a problem 2.84 1.13 Moderate
11 I am self confident in problem solving 2.81 1.08 Moderate
12 I am sure that 1 am able to solve even a difficult 257 112 Low
problem
13 | do n_1y_best for solving the problem no matter 379 0.88 High
how difficult a problem
14 | lose track of time while solving a problem 3.58 1.14 High
15 | demoralize if | cannot solve a problem 2.97 1.03 Moderate
16 | am stressed while solving a problem 3.38 1.09 Moderate
17 I lose self-confidence if | cannot solve a problem 3.35 1.40 Moderate
18 I am upset when | find incorrect answer of a 342 1.96 High
problem
19 I amafraid of making numerical mistakes 3.67 1.09 High
20 Preconceptions prevent me from solving a 592 0.85 Moderate
problem
Aggregate Mean 3.25
- Moderat
Aggregate Standard Deviation 1.06 oderate

Legend: 4.21-5.00-Very High; 3.41-4.20- High; 2.61-3.40-Moderate; 1.81-2.60-Low; 1.00-1.80- Very Low
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Table 13 showed the level of problem-solving
confidence of the respondents. The table reveals an
aggregate mean of 3.25, which corresponds to a
Moderate verbal description. This indicates that
respondents generally possess a fair level of
confidence in solving mathematical problems, though
not at a consistently high level. Their responses
suggest that while they demonstrate persistence and
interest in problem solving, they also experience
uncertainty, stress, and occasional loss of self-
confidence.

Several indicators obtained High verbal
descriptions,  particularly  items related to
perseverance and emotional investment in problem
solving. For instance, respondents highly agreed that
they do their best to be successful in problem solving
(WM = 3.90), struggle with a problem until they find
the correct answer (WM = 3.70), and try very hard
when they cannot solve a problem (WM = 3.60).
These findings illustrate students’ determination and
resilience  when faced with challenging tasks.
According to DiNapoli and Miller (2022), students
who show strong perseverance in problem solving are
more likely to develop adaptive learning behaviors,
enabling them to approach tasks with greater
persistence and belief in improvement.

Additionally, respondents rated highly their
emotional reactions toward errors, such as being upset
when thcsey find incorrect answers (WM = 3.42) and
being afraid of making numerical mistakes (WM =
3.67). These high ratings suggest that while students
are committed to solving problems correctly, they
may also experience performance pressure. Hoth et al.
(2022) found that fear of making mistakes is common
among math learners and can influence their
confidence, especially when they value accuracy and
correctness.

The majority of items, however, received
Moderate ratings. These include statements such as
liking to solve numeric problems, being sure they can
solve a problem, being self-confident in problem

solving, and experiencing stress while solving
problems. Moderate responses indicate that students
possess a balanced level of problem-solving
confidence—sufficient to engage with mathematical
tasks but not consistently strong across all problem
types. Wang and Molnar (2023). explain that
moderate problem-solving confidence typically
emerges when students have mixed experiences,
alternating between success and difficulty depending
on problem complexity and prior knowledge.

One item received a Low verbal description: “I
am sure that | am able to solve even a difficult
problem” (WM = 2.57). This suggests that
respondents may struggle with confidence when faced
with more complex mathematical challenges. This
aligns with the findings of Monarrez and Tchoshanov
(2024), who reported that students often show lower
confidence  for  high-cognitive-demand  tasks,
especially when they lack familiarity or feel pressured
to perform well.

In general, the results show that respondents
have a Moderate level of problem-solving confidence.
This means that while they demonstrate persistence,
determination, and interest in solving mathematical
problems, they also encounter challenges related to
stress, fear of mistakes, and reduced confidence when
dealing with more difficult problems. As emphasized
by Siregar (2025), strengthening problem-solving
confidence requires supportive learning
environments, opportunities for guided struggle, and
instructional strategies that build students’ belief in
their ability to succeed even when tasks are complex.

LEVEL OF NUMERACY SKILLS OF THE
RESPONDENTS
Numeracy skills measure students’ competence
in performing essential mathematical tasks. This
variable is central to the study’s objectives and helps
identify learners’ proficiency levels. Data gathered are
presented in Table 14 below.

Table 14 - Level of numeracy skills of the respondents

Level Numerical Range f %
Advanced 33-40 3 3.00
Proficient 25-32 11 11.00

Basic 17-24 48 48.00
Developing 9-16 35 35.00
Beginning 0-8 3 3.00

Total 100 100.00
Mean 18.45
St. Dev. 5.67
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Table 14 showed the level of numeracy skills of
the respondents. The results indicate that the majority
of learners (48%) fall within the Basic level,
demonstrating foundational numeracy skills but still
requiring support to perform more complex
mathematical operations. Numeracy skills are
essential for applying mathematical concepts in
everyday life and academic tasks, as they involve
understanding, interpreting, and manipulating
numbers effectively. According to Aniati et al. (2022),
students with basic numeracy skills often face
challenges in problem solving and higher-order
mathematical reasoning, which may limit their
capacity to perform confidently in more advanced
topics.

A significant portion of the respondents, 35%,
are classified under the Developing level, suggesting
that they are still acquiring essential skills needed for
competence in mathematics. Only a small proportion
of respondents achieved higher performance levels:
11% are Proficient, and 3% are Advanced, reflecting
that a limited number of learners can confidently
perform complex calculations and problem-solving
tasks. Sujatha and Vinayakan (2023) emphasize that
students with advanced numeracy skills are better
equipped to handle academic challenges and real-life
quantitative reasoning, highlighting the importance of
strengthening foundational skills for all learners.

Conversely, 3% of respondents belong to the
Beginning level, indicating minimal numeracy
competency and a need for focused intervention. Early
identification and remediation are critical in

preventing further difficulties in mathematics, as
noted by Bryant et al. (2019), who found that targeted
numeracy support significantly improves learners’
performance and confidence in mathematics.

The mean score of 18.45, which falls within the
Basic range, coupled with a standard deviation of
5.67, indicates that while most students perform at a
foundational level, there is considerable variability in
numeracy skills among the respondents. This suggests
that instructional strategies should be differentiated to
cater to varying levels of ability, ensuring that both
struggling and high-performing learners are
adequately supported.

In general, the results reveal that respondents
exhibit a Basic level of numeracy skills overall. This
implies a need for interventions, such as guided
practice, problem-solving activities, and scaffolded
instruction, to strengthen learners’ numerical
competencies. As emphasized by Chen (2025),
enhancing numeracy skills in early education
promotes academic achievement, confidence in
mathematics, and the ability to apply mathematical
reasoning in real-life contexts.

RELATIONSHIP BETWEEN ATTITUDE
TOWARDS MATHEMATICS AND
NUMERACY SKILLS OF THE
RESPONDENTS

This section presents the relationship between
the respondents’ attitude towards Mathematics and
their numeracy skills which is presented in table 15.

Table 15 - Test of relationship between the respondents’ attitudes towards Mathematics and their
numeracy skills

Variables Spearman’s rho Strength. of p - value Decision Result
Correlation
Attitudes and . . Do not -
Numeracy Skills 0.168 Negligible Positive 0.094 reject Ho Not Significant

*significant at p<0.05 (two-tailed)

Table 15 showed the test of relationship between
the respondents’ attitudes towards Mathematics and
their numeracy skills. The results indicate a
Spearman’s rho of 0.168, which reflects a negligible
positive correlation between attitudes and numeracy
skills. This suggests that while more positive attitudes
toward mathematics are slightly associated with
higher numeracy skills, the relationship is very weak
and practically minimal. The p-value of 0.094 exceeds
the significance threshold of 0.05, leading to the
decision to not reject the null hypothesis. This means
that the observed correlation is not statistically
significant, and the data do not provide enough
evidence to conclude a meaningful relationship

between respondents’ attitudes and their numeracy
performance.

The negligible positive correlation may be
attributed to the fact that although learners recognize
the value of mathematics and hold generally neutral
attitudes toward enjoyment, confidence, and
motivation, these attitudes do not automatically
translate into measurable numeracy skills. According
to Rehman (2025), while positive attitudes can
influence engagement in learning, actual proficiency
in numeracy also depends heavily on prior
knowledge, instructional quality, and practice
opportunities.  Similarly, Wen et al. (2022)
emphasized that students may value mathematics and
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display interest, but without consistent application and
skill development, attitudes alone have limited impact
on numerical performance.

In general, the results imply that respondents’
attitudes toward mathematics are not significantly
related to their numeracy skills. This indicates that
fostering positive attitudes alone may not be sufficient
to improve numeracy; targeted instruction, guided
practice, and skill-building exercises are also essential
to enhance students’ mathematical competence. As
noted by Susanti (2025), effective numeracy

development requires a combination of positive
learner  disposition, deliberate  practice, and
contextualized problem-solving activities to achieve
measurable improvement.

RELATIONSHIP BETWEEN PROBLEM
SOLVING CONFIDENCE AND NUMERACY
SKILLS OF THE RESPONDENTS

This section presents the relationship between
the respondents’ problem-solving confidence and
their numeracy skills, which is presented in Table 16.

Table 16 - Test of the relationship between the respondents’ problem-solving confidence and their
numeracy skills

Variables Spearman’s rho Strength_ of p - value Decision Result
Correlation
Problem Solving
and Numeracy 0.202* Negligible Positive 0.044 Reject Ho Significant

Skills

*significant at p<0.05 (two-tailed)

Table 16 showed the test of the relationship
between the respondents’ problem-solving confidence
and their numeracy skills. The results indicate a
Spearman’s rho of 0.202, reflecting a negligible
positive  correlation  between  problem-solving
confidence and numeracy skills. Despite being
categorized as negligible, the correlation is
statistically significant with a p-value of 0.044, which
is less than the 0.05 threshold, leading to the decision
to reject the null hypothesis. This suggests that
respondents’ confidence in problem-solving is
positively  associated  with  their  numeracy
performance, albeit weakly.

The positive relationship implies that learners
who demonstrate higher problem-solving confidence
are more likely to perform better in numeracy tasks.
Confidence in problem-solving enables students to
approach mathematical problems with persistence,
strategic thinking, and reduced anxiety, which can
enhance performance. According to Torres-Pefa
(2025), students with strong problem-solving
confidence are more likely to engage deeply in
numerical reasoning and apply strategies effectively,
thereby improving their numeracy outcomes.
Similarly, Siregar (2025) emphasized that confidence
in problem-solving acts as a motivational and
cognitive resource that supports learners’ ability to
handle complex mathematical tasks.

In general, the results suggest that problem-
solving confidence has a significant, albeit small,
positive effect on numeracy skills. This finding
highlights the importance of fostering problem-
solving confidence in learners, as even slight increases
in confidence can contribute to better numerical

performance. As noted by Clemente et al. (2024),
interventions that build students’ self-efficacy in
problem solving—such as scaffolded tasks, guided
practice, and constructive feedback—can enhance
both confidence and competence in numeracy.

Chapter 3
SUMMARY, FINDINGS, CONCLUSION, AND
RECOMMENDATION

This chapter presented the summary, findings,
conclusion, and recommendations of the study. It
aimed to provide a coherent overview of the
respondents’ attitudes toward mathematics, problem-
solving confidence, numeracy skills, and the
relationships among these variables, as a basis for a
proposed intervention plan to improve mathematical
performance.

SUMMARY

This study aimed to determine the attitudes and
performance of students in mathematics, focusing on
their self-confidence, perceived value of math,
enjoyment, motivation, problem-solving confidence,
and numeracy skills. The respondents’ profiles,
including parents’ educational attainment and
monthly income, were considered to provide context
for interpreting the results. Data were gathered using
a structured questionnaire designed to measure
students’ attitudes toward mathematics and their level
of problem-solving confidence, alongside a
standardized numeracy test to evaluate their
mathematical skills. The study employed descriptive
statistical tools such as frequency counts, percentages,
weighted means, and standard deviations to
summarize and describe the respondents’ profiles and
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levels of attitudes, confidence, and numeracy skills.
To determine the relationships among students’
attitudes toward mathematics, problem-solving
confidence, and numeracy skills, Spearman’s rho
correlation analysis was utilized.

The findings generated from these analyses
served as the basis for interpreting the extent to which
affective factors relate to students’ mathematical
performance and for formulating recommendations
and an enhancement plan aimed at improving
numeracy skills and problem-solving confidence
among learners.

FINDINGS

The following findings were arrived based on the
results of the data that were gathered and treated
statistically.

Findings showed Majority of the respondents are
male repeaters who are aging from fourteen to fifteen
years old of Grade 9. Analysis of the respondents’
profiles revealed that most respondents’ fathers
attained a college level of education, while most
mothers achieved college graduation. A majority of
families have a moderate monthly income. These
findings suggest that while educational attainment and
family income may provide some support for
learning, they do not guarantee high mathematical
performance.

In terms of attitudes toward mathematics,
respondents showed a Neutral level of self-
confidence, indicating moderate belief in their
mathematical abilities. However, they recognized the
importance of mathematics in daily life and education,
with a Positive rating in the value of math. Enjoyment
of mathematics and motivation to engage in
mathematical tasks were both Neutral, reflecting
moderate interest and willingness to participate in
learning activities. Overall, the respondents hold a
Neutral attitude toward mathematics, appreciating its
relevance but not consistently demonstrating
confidence, enjoyment, or motivation.

Regarding problem-solving confidence,
respondents generally displayed a Moderate level.
Items assessing perseverance, such as struggling until
finding the correct answer and doing their best in
solving  problems, received High ratings,
demonstrating  resilience and  persistence in
mathematical tasks. Conversely, items related to
confidence in solving difficult problems scored lower,
suggesting that respondents may experience
uncertainty or stress in more challenging scenarios.

Chapter 4
OUTPUT OF THE STUDY
This chapter presented the numerical skills
enhancement plan which aims to enhance the
problem-solving confidence, attitudes, and numeracy
skills of students in mathematics.

Assessment of numeracy skills revealed that the
majority of respondents are at the Basic level,
followed by Developing, with only a small fraction
achieving Proficient or Advanced levels. The mean
score indicates foundational mathematical abilities,
with a standard deviation reflecting variability in
performance. These results suggest that many students
require additional support to develop higher-level
numeracy skills.

The relationship tests showed that respondents’
attitudes toward mathematics and numeracy skills are
not significantly correlated, indicating that positive
attitudes alone do not guarantee higher numeracy
performance. In contrast, problem-solving confidence
and numeracy skills demonstrated a negligible but
significant positive correlation, suggesting that
students who exhibit higher confidence in solving
problems tend to perform slightly better in numeracy
tasks.

CONCLUSION

Based on the findings, it can be concluded that
respondents generally hold a Neutral attitude toward
mathematics, with recognition of its value but
moderate confidence, enjoyment, and motivation.
Their problem-solving confidence is moderate, with
strong persistence in manageable tasks but lower
assurance when facing difficult problems. Numeracy
skills are largely at the Basic level, indicating a need
for additional instructional support. While attitudes
toward mathematics do not significantly influence
numeracy performance, problem-solving confidence
shows a small positive effect, highlighting the
importance of fostering self-efficacy and persistence
in learning. Overall, the study suggests that factors
such as skill development, confidence building, and
instructional support are critical in enhancing
mathematical performance.

RECOMMENDATION

Drawn from the study’s findings and conclusion,
it is highly recommended that the numerical skills
enhancement plan to enhance the attitudes, problem-
solving confidence, and numeracy skills of the
respondents in mathematics be adopted. The plan
should include activities and strategies that foster
student-centered learning, build confidence in
problem solving, and strengthen foundational
numeracy skills to improve overall mathematical
performance.

Rationale

The role of the teacher in the classroom extends
beyond identifying high-performing students; it also
includes recognizing and supporting learners who
struggle during the learning process. Oftentimes,
students with lower performance are left behind due
to the limited time allocated for lessons. This practice
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can hinder learning, especially for students who find
mathematics challenging. Mathematics is frequently
considered a difficult subject because it requires the
application of cumulative concepts and problem-
solving strategies. The nature of the subject, which
often relies on scaffolding, necessitates that students
master foundational concepts before moving on to
more complex topics. Failure to ensure a strong
foundation may result in poor performance, and in
some cases, student retention if learning deficits
persist into subsequent grading periods.

The findings of this study indicate that while
students recognize the value of mathematics and
demonstrate moderate problem-solving confidence,
most possess basic numeracy skills and hold neutral
attitudes toward self-confidence, enjoyment, and
motivation. These results highlight the need for an
intervention that strengthens numeracy competence,
problem-solving confidence, and positive engagement
with mathematics. Addressing these areas is essential
to reduce academic struggles, foster mathematical
skills, and ultimately minimize student retention,
which has remained a persistent issue in schools when
learners fail to meet DepEd standards.

The numerical skills enhancement plan is
designed to provide structured, student-centered
activities that improve problem-solving confidence,
enhance attitudes toward mathematics, and strengthen
numeracy skills. Activities will focus on guided
problem-solving, scaffolded practice, real-life
applications, and collaborative learning, allowing
students to actively engage in tasks while receiving
continuous support and feedback. The intervention
will also include exercises aimed at building self-
confidence, helping students tackle challenging
problems without fear of failure, and recognizing the
importance of mathematics in daily life.

Objectives

The Numerical Skills Enhancement Plan is
designed to achieve the following objectives:

1. Increased students’  performance
Mathematics, particularly in numeracy skills

2. A student-centered classroom environment
that fosters participation, engagement, and
collaboration.

3. Improved attitudes toward mathematics,
including enjoyment, confidence, and motivation.

4. Enhanced self-confidence in approaching
and solving math-related activities.

5. Development of a sense of the importance of
mathematics in real-life situations, reinforcing the
practical value of the subject.

in

Scheme of the Implementation

To ensure that this enhancement plan is properly
implemented, it will first be presented to the principal,
guidance coordinators, and mathematics teachers of
the school. Teachers will receive copies of the
proposed activities, instructional matrices, and
guidelines for implementation.

The plan will be executed in the classroom
through  structured, scaffolded lessons and
collaborative problem-solving activities, ensuring that
students at the basic and developing levels receive
additional support. Teachers will provide continuous
feedback, monitor student progress, and adapt tasks to
address learners’ specific needs.

Finally, the effectiveness of the enhancement
plan will be evaluated based on improvements in
numeracy skills, problem-solving confidence, and
attitudes toward mathematics, allowing adjustments
to the plan for maximum impact. Through this
intervention, students are expected to gain confidence,
strengthen their mathematical skills, and engage more
actively in learning, thereby reducing difficulties in
mathematics and improving overall performance.

Table 17 - Enhancement Plan: Fostering Positive Attitudes, Problem-Solving Confidence, and Numeracy
Skills in Grade 9 Learners
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SOLVING AND ATTITUDE TOWARDS MATHEMATICS™, The purpose of this study is 10 check if the
learmer's leaming style is a potential ool for the Improvernent of students’ Numeracy Siulls.

V/hat is my child going to be asked to do?

nmabnmdidbmdmbhmm.mwhmbmnmahmw
problem solving confidence, attude towards mathematics, and answer the 1 mom.qm
tests after their math teacher discusses about certain topics. The target participants are the ninth-grade

students at this school.
V/hat are the risks involved In this study?

There are no foresecable risks 10 participating in this study.

What are the possible benefits of this study?

Philadelphia, USA

47

(2 Clarivate
AnalytiCS indexed



ISRA (India)  =6.317 SIS(USA)  =0912 ICV (Poland) =6.630

. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940
Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

mmmammnmwswummmmmmu
hmmmmwhm

ooumychwmlopuudpctﬂ

mmmﬂmmmmwm;m. i you do not want
mwnm.lmmmmwmdmm

mtlmchlddoamtwmtbpmldpch?
YwdﬁMwathhaﬁdﬁmbmm I your chid decines o

m,m«wwmumhhmwﬂb«mmﬂmdﬂd
Mwbmmmm.wymmmmummwm

Will there be any compensation?
mmmmwﬂmmmOdemmnmm.

mmmmmawummmyumnmmmmmmum
study?
mmwu.nmammwmmummdmmmnu

future for research purposes not specified in this consent form. In these cases, the data will be free of
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Appendix B

PARENTAL CONSENT FOR CHILDREN PARTICIPATION

MRS. EPIFANIA M. REYES
BED Principal

St. Cedilia’s College - Cebu, Inc.
Cebu South National Highway,
Ward Il, Minglanilla, Ceby

Dear Madam:

| am a graduate student of Cebu Technological University- Main Campus taking up
Master of Arts in Education major in Mathematics. | am curreatly working on my

thesis entiled "UNDERSTANDING STUDENTS' NUMERACY COMPETENCE
THROUGH THE LENS OF CONFIDENCE IN PROBLEM SOLVING AND
ATTITUDE TOWARDS MATHEMATICS" as one of the requirements of my
coursa,

In line with this, | would like to ask permission from your good office 1o allow me to
conduct data collection and administer the questionnaires 1o the Grade 9 students

of your institution. Rest assured that the data collected in the research will be
treated with utmost confidentiality and will only be used for the said purpose.

| am hoping for a favorable response on this matter.
Thank you and God Bless.
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Appendix C

QUESTIONNAIRE FOR THE RESPONDENTS

Part I. Profile of the Respondents
Name: Age: Gender: M F

Directions: Put a checkmark (/) on your appropriate answer based on your profile.
Parents’ Highest Educational Attainment:

Father
Mother

Doctorate Graduate Doctorate Graduate
With Doctorate Units With Doctorate Units
Master’s Graduate Master’s Graduate
With Master’s Units With Master’s Units
College Graduate College Graduate
College Level College Level
High School Graduate High School Graduate
High School Level High School Level
Elementary Graduate Elementary Graduate
Elementary Level Elementary Level
No Formal Education No Formal Education

Combined Family Monthly Income:
less than 10,957
between P10,957 - 21,914
between P21,915 - 43,828
between P43,829 - 76,699
P76,700 and above

Part 11. Students’ Attitudes Towards Mathematics
Directions: Read each statement carefully. Indicate how much you agree with each statement using the scale
below.
1 — Strongly Disagree
2 — Disagree
3 — Neutral
4 — Agree
5 — Strongly Agree

A. Students’ Attitudes Towards Mathematics as to Self-Confidence
1. Mathematics is a standout amongst my most feared subjects.
2. My mind goes blank, and I am unable to think clearly when working with
math.
3. Studying mathematics makes me feel nervous.
4. Mathematics makes me feel uncomfortable.
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5. I am constantly under an awful strain in a math class.

6. When | hear the word mathematics, | feel uneasy.

7. It makes me nervous to even think about completing a math problem.
8. Mathematics does not scare me at all.

9. | expect to do well in any math class | take.

10. 1 am constantly confused in my math class.

11. 1 have a lot of self-confidence when it comes to mathematics.
12. 1 am able to solve math problems without much difficulty.
13. | feel insecure when trying to do mathematics.

14. 1 learn mathematics easily.

15. I believe that | am good at solving math problems.

B. Students’ Attitudes Towards Mathematics as to Value of Math
1. Mathematics is an essential and necessary subject.
I want to develop my mathematical skills.
Mathematics helps develop the mind and teaches us to think.
Mathematics is essential in everyday life.
Mathematics is one of the most important subjects for people to study.
High school math courses would be useful regardless of my career path.
I can think of many ways that | use math outside of school.
Studying advanced mathematics is useful.
Studying math helps me with problem-solving in other areas.
0. Asolid math foundation could help me in my professional life.
. Students’ Attitudes Towards Mathematics as to Enjoyment in Math
I get much satisfaction out of solving a math problem.
| have generally enjoyed studying math in school.
Mathematics is dull and boring.
I like to tackle new problems in mathematics.
I would rather complete a task in math than write an essay.
I like mathematics.
I am happier in a mathematics class than in any other class.
Mathematics is an interesting subject.
I am comfortable expressing my own ideas on how to solve a difficult
problem
I am comfortable answering guestions in math.
. Students’ Attitudes Towards Mathematics as to Motivation in Math
I am confident that | could learn advanced mathematics.
I would like to avoid using mathematics in school.
I will take more than the required number of mathematics subjects.
I plan to take as much mathematics as | can during my education.
The challenge of mathematics appeals to me.
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Part I11. Problem-Solving Confidence
Directions: Read each statement carefully. Indicate how much you agree with each statement using the scale
below.
1 — Strongly Disagree
2 — Disagree
3 — Neutral
4 — Agree
5 — Strongly Agree
Problem-Solving Confidence 1 2 3 4 5
I like to solve to a problem
I enjoy solving a problem
I like to solve a numeric problem
I do my best to be successful in problem solving
I am interested in problem solving
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I like to struggle with solving problem even if I cannot
solve the problem

I like to solve problems from different sources

I struggle with a problem until I find the correct answer

I try too hard when I cannot solve the problem

10.

I am sure that I can solve a problem

11.

I am self confident in problem solving

12.

I am sure that I am able to solve even a difficult problem

13.

I do my best for solving the problem no matter how
difficult a problem

14.

I lose track of time while solving a problem

15.

I demoralize if I cannot solve a problem

16.

I am stressed while solving a problem

17.

I lose self-confidence if I cannot solve a problem

18.

I am upset when I find incorrect answer of a problem

19.

I am afraid of making numerical mistakes

20.

Preconceptions prevent me from solving a problem
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Part IV: Numeracy Test
Quarter:

Time: 60 minutes Total Items: 40

General Directions: Read each item carefully. Choose the letter of the correct answer and write it on your

answer sheet. Avoid erasures.

1. What is the product of 5x(x + 7)?

A.5x+ 35 B.5x*+7 C. 5x* + 35X

2. simplify (X + 3)(x + 2).
A x2+5Xx+6 B.x2+6x+5 C.x*+
3. Find (x — 4)~
A x*+8x+ 16 B.x?—8x+16
4. Simplify (t + 2)
A t2+4t+4 B.2+2t+2 C.2+4
5. Multiply (8 + r)(r — 5).

A r*—5r+8 B.r»+3r—40

6. Simplify 3(x + 4).

A.3x+ 12 B.x+12 C.12x+3

7. Find the value of x in x + 8 = 15.
A. 7 B.8 C.9 D.6

8. Evaluate 2(x + 3) — x when x = 4.
A. 10 B.8 C.5 D.2

9. Solve 3(x +2) = 12.
A2 B.3 C.4 D.5
10. Solve -5 =4 + x.
Al B.-1 C.-9 D.9
11. Find xif 7 — x = 2x — 14.
A3 B.7 C.9 D. 14
12. Solve 2x =4 - 12.

A 4 B. -4 C.8 D. -8
13. Find the solution of 7(3x — 4) = 14.
A. x=10/3 B.x=2 C.x=4

14. Simplify 4(x —2) + 8 = 0.
A x=2 B.x=-2 C.x=0

15. Solve the unknown value of (2s — 1)? = 225
A.8 B.9 C.10 D.11

16. Solve the unknown value of (k + 7)> = 289
A. 10 B. 14 C.-7 D. 17

17. Find the positive root of x2 = 16

A.4and -4 B.8 C.2and -2

C.x*—16x+4

C.r+8r—5

D.x*+35

5x +2

D.2+2t+4

D.3x+4

D. 16

D.x*+4x+3

D.x*+ 16

D.r2+8r+5
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18. Find the roots of the given equation, 3h — 147 = 0
A. £7 B.+9 C.£10 D.+14

19. Find the roots of the given equation, 2s> = 50
A 4 B. 5 C.t6 D.+7

20. Find the roots of the given equation, x> + 9x + 8 =0
A -1, -8 B.-8, -1 C.-8,-9 D.8 1

21.Find the positive root of >+ 8t+16 =0
A. -4 B. -8 C.4 D.8

22.Find the positive root of 4s2—12s+9=0
A. 32 B.3 C.1 D.-3

23. Find the roots of the given equation, x> —5x — 14 = 0
A7, -2 B.-7,2 C.59 D.2,-5

24 .x2—10x+25=0
A. 10 B.5 C.-5 D. -10

25. Find the roots of the given equation, x2 — 14 =5
A 2,7 B.7,2 C.7-2 D.-7,-2

26. Find the roots of the given equation, 2x* + 8x — 10 = 0
A.-51 B.1,5 C.-1,5 D.-5 -1

27. Find the roots of the given equation, s> + 4s — 21 = 0
A. 3, -7 B.-3,7 C.-7,-3 D.7,3

28. Find the roots of the given equation, 2x? + 3x = 27
A.3,-45 B.-3,45 C.9,-3 D.-9,3

29. Find the roots of the given equation, 2x>+ 7x +9 =0
A. No real roots B.-1,-9 C.1,-9 D.9, -1

30. Find the roots of the given equation, 3x* — 12x + 12 =0
A. No real roots B.-2,-2 C.2,-2 D.2,2

31. Transform x(x + 5) = 2 into standard quadratic form.

A x2+5x—2=0 B.x2+5x+2=0

C.x2-5x-2=0 D.x2+2x+5=0
32. Expand (s + 6)2 = 5.

A .2+ 12s+36=5 B.s?+6s+5=0

C.s2+12s+31=0 D.s2+125+36=0

33. (2r + 3)2+ (r + 4)2 =10 simplifies to

A 52 +20r+25=0 B. 512+ 16r +25=0
C.5r2+12r+25=0 D. 51+ 14r + 25 = 0
34. (m—42+(m-72=15
A.2m? - 22m + 65 =0 B.2m?—18m+50 =0
C.2m*—14m+45=0 D.2m?—22m-65=0

35. If y varies directly as x and y = 24 when x = 6, find the constant of variation.
A.3 B.4 C.6 D.2
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36. If x varies directly as y and x = 35 when y = 7, find y when x = 25.
A3 B.4 C.5 D.6
37. Ify varies inversely as x and y = 5 when x = 2, find y when x = 4.
A. 10 B.4 C.25 D. 20
38. A rectangle’s area is A = Iw. If A=48and | = 8, find w.
A5 B.6 C.7 D.8
39. The average of 5 numbers is 20. If one number is 10, what is the average of the remaining 4?
A. 18 B. 20 C.225 D. 25
40. A number is increased by 8, then multiplied by 3. The result is 36. What is the number?
A2 B.4 C.6 D.8
Appendix D
Statistical Report
Profile of the respondents
age * gender Crosstabulation
Count
gender
F M Total
age 14 39 30 69
15 11 15 26
16 and above 3 2 5
Total 53 47 100
father
Frequency Percent Valid Percent ~ Cumulative Percent
Valid 1-DOCTORATE GRADUATE 2 2.0 2.0 2.0
2-MASTER'S GRADUATE 4 4.0 4.0 6.0
3-WITH MASTERS UNITS 2 2.0 2.0 8.0
4-COLLEGE GRADUATE 58 58.0 58.0 66.0
5-COLLEGE LEVEL 12 12.0 12.0 78.0
6-HIGH SCHOOL GRADUATE 12 12.0 12.0 90.0
7-HIGH SCHOOL LEVEL 7 7.0 7.0 97.0
8-ELEMENTARY LEVEL 2 2.0 2.0 99.0
9-NO FORMAL EDUCATION 1 1.0 1.0 100.0
Total 100 100.0 100.0
mother
Cumulative
Frequency Percent Valid Percent Percent
Valid 1-DOCTORATE GRADUA 2 2.0 2.0 2.0
1-WITH DOCTORATE U 1 1.0 1.0 3.0
2-MASTER'S GRADUAT 1 1.0 1.0 4.0
3-WITH MASTERS UNI 4 4.0 4.0 8.0
4-COLLEGE GRADUATE 68 68.0 68.0 76.0
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5-COLLEGE LEVEL 9 9.0 9.0 85.0
6-HIGH SCHOOL GRAD 14 14.0 14.0 99.0
7-HIGH SCHOOL LEVE 1 1.0 1.0 100.0
Total 100 100.0 100.0
income
Cumulative
Frequency Percent Valid Percent Percent
Valid 1-76700 AND ABOVE 15 15.0 15.0 15.0
2-BET 43829-76699 18 18.0 18.0 33.0
3-BET 21915-43828 32 32.0 32.0 65.0
4-BET 10957-21914 22 22.0 22.0 87.0
5-LESS 10957 13 13.0 13.0 100.0
Total 100 100.0 100.0
Level of respondents attitudes towards Mathematics
Self-confidence
Descriptive Statistics
N Minimum Maximum Mean Std. Deviation
S1 100 1.00 5.00 3.3800 1.02277
S2 100 1.00 5.00 3.1000 1.05887
S3 100 1.00 5.00 2.7700 1.17082
S4 100 1.00 5.00 2.3600 1.11482
S5 100 1.00 5.00 2.7100 1.07586
S6 100 1.00 5.00 2.3100 1.18658
S7 100 1.00 5.00 2.7300 1.34731
S8 100 1.00 5.00 2.7200 1.10170
S9 100 1.00 5.00 3.0200 1.07290
S10 100 1.00 5.00 2.9600 1.09101
S11 100 1.00 5.00 2.6200 1.07101
S12 100 1.00 5.00 2.7300 1.21319
Silg 100 1.00 5.00 3.0000 1.23091
S14 100 1.00 5.00 2.8200 1.04813
S15 100 1.00 5.00 2.7800 1.09710
Valid N (listwise) 100
Value
Descriptive Statistics
N Minimum Maximum Mean Std. Deviation
V1 100 1.00 5.00 4.1200 1.07572
V2 100 2.00 5.00 4.5400 .80929
V3 100 2.00 5.00 4.1900 .82505
V4 100 1.00 5.00 3.8800 1.05677
V5 100 2.00 5.00 4.1000 .85870
V6 100 2.00 5.00 4.0100 .96917
V7 100 1.00 5.00 3.6100 1.09078
V8 100 1.00 5.00 4.0600 .97255
V9 100 2.00 5.00 3.9300 .91293
V10 100 1.00 5.00 4.0000 .93203
Valid N (listwise) 100
Enjoyment
Descriptive Statistics
N Minimum Maximum Mean Std. Deviation
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E1 100 1.00 5.00 3.6000 1.23001
E2 100 1.00 5.00 3.1400 96421
E3 100 1.00 4.00 2.1100 88643
E4 100 1.00 5.00 2.8800 1.02770
E5 100 1.00 5.00 2.8000 1.44250
E6 100 1.00 5.00 3.1300 1.13400
E7 100 1.00 5.00 2.6800 1.08134
E8 100 2.00 5.00 3.8100 91778
E9 100 1.00 5.00 2.7400 1.02119
E10 100 1.00 5.00 2.9200 92856
Valid N (listwise) 100

Motivation
Descriptive Statistics

N Minimum Maximum Mean Std. Deviation
M1 100 1.00 5.00 2.8500 1.15798
M2 100 1.00 5.00 2.2800 .99575
M3 100 1.00 5.00 2.5000 .84686
M4 100 1.00 5.00 3.0100 .96917
M5 100 1.00 5.00 3.2200 .93830
Valid N (listwise) 100

Level of problem-solving confidence of the respondents
Descriptive Statistics

N Minimum Maximum Mean Std. Deviation
VAR00022 100 1.00 5.00 3.1000 1.05887
VAR00023 100 1.00 5.00 3.1000 1.06837
VAR00024 100 1.00 5.00 2.9600 1.01424
VAR00025 100 1.00 5.00 3.9000 .87039
VAR00026 100 1.00 5.00 3.2800 .97525
VAR00027 100 1.00 5.00 3.1400 1.16359
VAR00028 100 1.00 5.00 3.0000 1.00504
VAR00029 100 1.00 5.00 3.7000 .85870
VAR00030 100 1.00 5.00 3.6000 1.06363
VAR00031 100 1.00 5.00 2.8400 1.12564
VAR00032 100 1.00 5.00 2.8100 1.07961
VAR00033 100 1.00 5.00 2.5700 1.12146
VAR00034 100 2.00 5.00 3.7900 .87957
VAR00035 100 1.00 5.00 3.5800 1.13867
VAR00036 100 1.00 5.00 2.9700 1.02942
VAR00037 100 1.00 5.00 3.3800 1.08971
VAR00038 100 1.00 5.00 3.3500 1.39534
VAR00039 100 1.00 5.00 3.4200 1.26475
VAR00040 100 1.00 5.00 3.6700 1.09226
VAR00041 100 1.00 5.00 2.9200 .84900
Valid N (listwise) 100
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Level of numeracy skills of the respondents
VVAR00043
Cumulative
Frequency Percent Valid Percent Percent
Valid 1-33-40 3 3.0 3.0 3.0
2-25-32 11 11.0 11.0 14.0
3-17-24 48 48.0 48.0 62.0
4-9-16 35 35.0 35.0 97.0
5-0-8 3 3.0 3.0 100.0
Total 100 100.0 100.0

Test of Normality of the variables

Descriptives

attitudes problem solving numeracy test scores
N 100 100 100
Missing 0 0 0
Mean 3.15 3.25 18.4
Median 3.14 3.25 18.0
Standard deviation 0.341 0.510 5.67
Minimum 2.20 1.65 6
Maximum 3.95 4.45 35
Shapiro-Wilk W 0.980 0.954 0.958
Shapiro-Wilk p 0.138 0.002 0.003

Test of the hypotheses

Correlation Matrix

attitudes problem solving numeracy test scores
attitudes Spearman’s rho —
df —
p-value —
problem solving Spearman’s rho 0.609*** —
df 98 —
p-value <.001 —
numeracy test scores Spearman's rho 0.168 0.202* —
df 98 98 —
p-value 0.094 0.044 —
Note. * p < .05, ** p < .01, *** p < .001
Philadelphia, USA 58 0 Clarivate

Ana lytics indexed



Impact Factor:

ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) = 6.630
ISI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940
GIF (Australia) =0.564 ESJI (KZ) =8.100 IBI (India) =4.260
JIF =1.500  SJIF (Morocco) =6.004  OAJI (USA) = 0.350

Prepared by:

EMERSON D. PETEROS, Dev.Ed.D.
Research Chairman, College of Education

CURRICULUM VITAE
CURRICULUM VITAE

ROSE S. GAMBOA
Address: Ward I, Minglanilla, Cebu Mobile #:
09499619004
E-mail: gamboa@stcecilia.edu.ph

PERSONAL INFORMATION

Date of Birth
Place of Birth

February 08, 1998
Binlod, Argao, Cebu

Citizenship Filipino

Gender : Female

Civil Status . Single

Father . Efren P. Gamboa
Mother Felomina S. Gamboa

EDUCATIONAL BACKGROUND

Graduate Studies:

College

Secondary

Elementary

Master of Arts in Education
Major in Mathematics
Cebu Technological University Main Campus
M.J. Cuenco Ave., Cebu City, Philippines January 2025-Present

Bachelor of Secondary Education
Major in Mathematics

St. Cecilia’s College Inc. Ward 2

Minglanilla, Cebu July 2021

Sisters of Mary School - Girlstown
JP Rizal St., Talisay City, Cebu December
2014

Binlod Elementary School
Binlod, Argao, Cebu April
2011

Philadelphia, USA

2 Clarivate
Ana lytiCS indexed

59


mailto:gamboa@stcecilia.edu.ph

ISRA (India)  =6.317  SIS(USA)  =0912  ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

PROFESSIONAL CAREER SERVICE ELIGIBILITY

Licensure Examination for Teachers December 17, 2022

Passed

TEACHING EXPERIENCE
College Instructor
St. Cecilia’s College — Cebu,Inc Ward 2
Minglanilla, Cebu

References:

Aguilar, J. J. (2021). High school students’
reasons for disliking mathematics: The
intersection between teacher’s role and students’
emotions, beliefs, and self-efficacy.
International Electronic Journal of Mathematics
Education, 16(3), em0658.

Aguilario, J., Santos, R., & Villanueva, L.
(2025). Project NUMEROS: Evaluating
numeracy and confidence gains in junior high
school students. Cebu Technological University
Press.

Alo, R. (2025). Numeracy orientation as a
component of functional literacy in secondary
education. Journal of Philippine Educational
Studies, 11(1), 23-39.

Aniati, A., Nadirah, S., Ismaya, B., Jenuri, J., &
Suwarma, D. M. (2022). Senior high school
students’ higher-order thinking and confidence
in solving math problems. Qalamuna: Jurnal
Pendidikan, Sosial, dan Agama, 14(2), 831-842.
Anh, N. M., & Duong, N. T. (2023). Learning
mathematics through experience: Enhancing the
enthusiasm of second-grade students in
Vietnam. International Journal of Physics &
Mathematics, 6(1), 22-33. Retrieved from
https://www.sciencepubco.com

Aulia, S. A., Cholily, Y. M., Ummah, S. K., &
Mustakim, S. S. (2024). Students’ relational
thinking and mathematical communication in
contextual problem solving. Jurnal Pendidikan
Progresif, 14(1), 580-594.

Bar¢in, B., Kaya, E., & Erdem, T. (2023). The
impact of dynamic visualization tools on
mathematics problem solving and self-efficacy.
Journal of Educational Technology Research,
18(3), 112-127.

Bandura, A. (1977). Self-efficacy: Toward a
unifying theory of behavioral change.
Psychological  Review, 84(2), 191-215.
https://doi.org/10.1037/0033-295X.84.2.191
Bandura, A. (1986). Social foundations of
thought and action: A social cognitive theory.
Prentice-Hall.

10.

11.

12.

13.

14.

15.

16.

Benner, A. D., Fernandez, C. C., Hou, Y., &
Gonzalez, C. S. (2021). Parent and teacher
educational expectations and adolescents’
academic  performance:  Mechanisms  of
influence. Journal of Community Psychology,
49(6), 1727-1744.
https://doi.org/10.1002/jcop.22549

Boaler, J. (2022). Mathematical mindsets:
Unleashing students’ potential through creative
mathematics,  inspiring  messages, and
innovative teaching. Jossey-Bass.

Brewster, B. J. (2023). Mathematics anxiety:
History, theories, causes, and interventions
(Doctoral dissertation, University of Prince
Edward Island). University of Prince Edward
Island.

Bryant, D. P., Pfannenstiel, K. H., Bryant, B. R.,
Roberts, G., Fall, A. M., Nozari, M., & Lee, J.
(2019). Improving the mathematics performance
of second-grade students with mathematics
difficulties through an early numeracy
intervention. Behavior Modification, 45(2), 99—
121.

Catacutan, E. J., Concepcion, P. M. S., Isip, R.
B., Jingco, F. M. M., Sunga, S. M., & Akiate, Y.
W. (2024). Inflation’s grip: A qualitative
analysis of the spending patterns and living
standards of minimum wage earners.
International Journal of Social Science and
Economic Research, 9(4), Article 010.

Casildo, N. J. G., Aguirre, M. R. C., Bonifacio,
K. L. A, Ayunar, G. S,, Escarlos, G. S., &
Wenceslao, R. C. (2023). A decision support
system for predicting students’ performance in
the National Achievement Test (NAT) of senior
high school students.
https://doi.org/10.2991/978-2-38476-056-5_20
Cerezo, A. T., Silleza, G. M., & Abocejo, F. T.
(2023). Policy evaluation of the Department of
Education K-12 basic education program.
International Journal of Academic Pedagogical
Research, 7(4), 90-96. http://ijeais.org/wp-
content/uploads/2023/4/1JAPR230411.pdf

Philadelphia, USA

60

2 Clarivate
AnalytiCS indexed


https://www.sciencepubco.com/
https://doi.org/10.1037/0033-295X.84.2.191
https://doi.org/10.1002/jcop.22549
https://doi.org/10.2991/978-2-38476-056-5_20
http://ijeais.org/wp-content/uploads/2023/4/IJAPR230411.pdf
http://ijeais.org/wp-content/uploads/2023/4/IJAPR230411.pdf

ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland)  =6.630

. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940

Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIE =1.500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

17. Chen, W. (2025). Problem-solving skills, 30. Hill, J. L., Henderson, S., Bellocchi, A., &
memory  power, and early childhood Olson, R. (2023). Student values and wellbeing
mathematics. Journal of the Knowledge in mathematics education. ZDM-Mathematics
Economy. Education, 55(2), 385-398.

18. Chrisman, D. (2024). Motivation and self- 31. Hodge, R., Smith, A., & Brown, T. (2021).
efficacy as predictors of numeracy and problem- Developing numeracy in secondary education.
solving performance among Filipino International ~ Journal  of  Educational
adolescents. Philippine Journal of Education, Development, 80, 102119.

42(1), 77-93. 32. Hoth, J., Larrain, M., & Kaiser, G. (2022).

19. Clemente, J. M., Kilag, O. K. T., Ypon, A. Q., Identifying and dealing with student errors in
Groenewald, E. S., Groenewald, C. A., & Ubay, mathematics  classrooms.  Frontiers  in
R. G. (2024). Enhancing mathematics self- Psychology, 13, 1057730.
efficacy: Intervention strategies and https://doi.org/10.3389/fpsyg.2022.1057730
effectiveness—A systematic review. 33. Kaskens, V., Meijer, R., & Tan, E. (2020).

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

International  Multidisciplinary Journal of
Research for Innovation, Sustainability, and
Excellence, 1(2), 274-289.

Davis-Kean, P. E., Tighe, L. A., & Waters, N. E.
(2021). The role of parent educational attainment
in parenting and children’s development.
Current Directions in Psychological Science,
30(2), 186-192.

Department of Education. (2015). Policy
guidelines on classroom assessment for the K—
12 basic education program (DepEd Order No.

8, S. 2015). Retrieved from
https://www.deped.gov.ph
Department of Education. (2019). Policy

guidelines on the K-12 basic education program
(DepEd Order No. 21, s. 2019). Retrieved from
https://www.deped.gov.ph

Department of Education. (2023). National
Achievement Test (NAT) results 2023. Retrieved
from https://www.deped.gov.ph

DiNapoli, J., & Miller, E. K. (2022).
Recognizing, supporting, and improving student
perseverance in mathematical problem solving.
Learning and Individual Differences, 96,
102185.
https://doi.org/10.1016/j.lindif.2022.102185
Dweck, C. (2006). Mindset: The new psychology
of success. Random House.

Echavez, P., Reyes, L., & Tan, M. (2024).
Literacy and numeracy studies in the
Philippines: A systematic review. Philippine
Educational Research Journal, 20(3), 88-105.
Flavell, J. H. (1979). Metacognition and
cognitive monitoring. American Psychologist,
34(10), 906-911. https://doi.org/10.1037/0003-
066X.34.10.906

Gok, T. (2012). Development of problem-
solving  confidence  questionnaire.  Latin
American Journal of Physics Education, 6(1),
21. Retrieved from https://bit.ly/gok-confidence
Hettinger, K., Lazarides, R., & Schiefele, U.
(2023). Motivational climate in mathematics
classrooms. ZDM-Mathematics Education, 55,
413-426.

34.

35.

36.

37.

38.

39.

40.

41.

Classroom environment and numeracy self-
efficacy. Educational Psychology Review, 32(4),
657-675.

Lara, F. S., Egoy, C. J. Q., Dagasdas, M. J., &
Orzales, V. M. (2025). Factors contributing to
mathematics dislike among students: A
quantitative analysis. International Journal of
Research and Innovation in Social Science.
https://doi.org/10.47772/1JRISS.2025.90700047
Liu, Y., Wang, Y., Liu, R.-D., Ding, Y., Wang,
J., & Mu, X. (2022). Classroom environment and
academic  enjoyment  in  mathematics.
Psychology Research and Behavior
Management, 15, 2035-2048.

Mangilala, B.-L. D., & Cajandig, A. J. S. (2025).
Assessing the problem-solving abilities and their
difficulties in learning mathematics as basis for
instructional strategies framework. International
Journal of Research and Innovation in Social
Science.
https://doi.org/10.47772/1JRISS.2025.90300336
Monarrez, A., & Tchoshanov, M. (2024).
Teacher challenges in implementing cognitively
demanding tasks. International Journal of
Mathematical Education in Science and
Technology, 53(8), 2026—2045.

Norcio, L. P., & Villahermosa, E. R. (n.d.).
Numeracy assessment tool to learners’
conceptualization of quadratic equations among
Grade 9 learners [PDF].

Nurhasanah, M., Suprapto, P. K., & Wibowo, W.
(2024). The effectiveness of problem-based
learning assisted by Articulate Storyline
interactive on students’ critical thinking skills.
Jurnal Inovasi Pendidikan IPA, 10(1), Xx—XXx.
https://doi.org/10.21831/jipi.v10i1.68202
Organisation for Economic Co-operation and
Development. (2022). PISA 2022 mathematics
framework. Retrieved from
https://www.oecd.org/pisa

Organisation for Economic Co-operation and
Development. (2023). PISA 2022 results:
Philippines country report. Retrieved from
https://www.oecd.org/pisa

Philadelphia, USA

61

2 Clarivate
AnalytiCS indexed


https://www.deped.gov.ph/
https://www.deped.gov.ph/
https://www.deped.gov.ph/
https://doi.org/10.1016/j.lindif.2022.102185
https://doi.org/10.1037/0003-066X.34.10.906
https://doi.org/10.1037/0003-066X.34.10.906
https://bit.ly/gok-confidence
https://doi.org/10.47772/IJRISS.2025.90700047
https://doi.org/10.47772/IJRISS.2025.90300336
https://doi.org/10.21831/jipi.v10i1.68202
https://www.oecd.org/pisa
https://www.oecd.org/pisa

ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland)  =6.630
. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940
Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIE =1.500 SJIF (Morocco) = 6.004  OAJI (USA)  =0.350
42. Paulus, L., Spinath, F. M., & Hahn, E. (2021). 50. Sweller, J. (1988). Cognitive load during
Educational inequalities and self-efficacy. problem solving. Cognitive Science, 12(2), 257—
Intelligence, 86, 101528. 285.

43.

44,

45,

46.

47.

48.

49.

https://doi.org/10.1016/j.intell.2021.101528
Republic of the Philippines. (2001). Governance
of Basic Education Act of 2001 (Republic Act
No. 9155). Retrieved from https://lawphil.net
Republic of the Philippines. (2013). Enhanced
Basic Education Act of 2013 (Republic Act No.
10533). Retrieved from https://lawphil.net
Roche, A., Gervasoni, A., & Kalogeropoulos, P.
(2021). Factors promoting interest in learning
mathematics. Mathematics Education Research
Journal, 35(3), 525-556.

Rodil, M. S. (2024). Gearing towards efficient
problem solving: Exploring the determinants
that  influence  success. Journal of
Interdisciplinary Studies in Education, 13(1),
https://doi.org/10.32674/jise.v13i1.5215
Sabado, K. M. L. (2021). K-12 classroom
assessment: Teachers’ knowledge and practices
in secondary mathematics. The Glow:
International Refereed Indexed Journal, 3.
https://www.the-glow.ph/wp-
content/uploads/2023/03/The-Glow-Volume-3-
2021-2022-Article-2.pdf

Seeram, E. (2019). An overview of correlational
research. Radiologic Technology, 91(2), 176-
179. https://www.e-
edition.radiologictechnology.org

Shimizu, Y. (2025). The relationship between
cognitive activation and math anxiety in Japan:
Moderating roles of socioeconomic status and
math self-efficacy. Preprints.
https://doi.org/10.20944/preprints2025xxxx.v1

51.

52.

53.

54.

55.

56.

https://doi.org/10.1207/s15516709c0g1202_4
Uy, E. I. Y., & Ocampo, D. J. S. (2023). Basic
education and federalism: Implications and
options for the National Capital Region. InR. C.
de Dios & J. F. T. Mendoza (Eds.), Metro
Manila? Towards responsible local governance
in the National Capital Region (pp. XX—XxX).
Springer.  https://doi.org/10.1007/978-981-19-
9055-9 9

Violon, J. M., & Violon, M. M. (2024).
Analyzing the impact of RA 10533 on
implementing K-12 curriculum. Research
Ethics: Journal of Multidisciplinary Research,
2(3). https://doi.org/10.2139/ssrn.4986203
Wang, X. S., Perry, L. B., Malpique, A., & Ide,
T. (2023). Factors predicting mathematics
achievement in PISA: A systematic review.
Large-Scale Assessments in Education, 11(1),
Article 6. https://doi.org/10.1186/s40536-023-
00161-6

Xia, X. (2024). Parental involvement and school
readiness. Children and Youth Services Review,
161, 107647.
https://doi.org/10.1016/j.childyouth.2024.10764
7

Zakariya, Y. F. (2022). Improving students’
mathematics self-efficacy: A systematic review
of intervention studies. Frontiers in Psychology,
13, 986622.
https://doi.org/10.3389/fpsyq.2022.986622
Zhang, Y., Chen, L., & Tan, H. (2023). Dynamic
visualization tools in mathematics. Computers &
Education, 193, 104123.

Philadelphia, USA

62

2 Clarivate
AnalytiCS indexed


https://lawphil.net/
https://lawphil.net/
https://www.the-glow.ph/wp-content/uploads/2023/03/The-Glow-Volume-3-2021-2022-Article-2.pdf
https://www.the-glow.ph/wp-content/uploads/2023/03/The-Glow-Volume-3-2021-2022-Article-2.pdf
https://www.the-glow.ph/wp-content/uploads/2023/03/The-Glow-Volume-3-2021-2022-Article-2.pdf
https://www.e-edition.radiologictechnology.org/
https://www.e-edition.radiologictechnology.org/
https://doi.org/10.20944/preprints2025xxxx.v1
https://doi.org/10.1207/s15516709cog1202_4
https://doi.org/10.1007/978-981-19-9055-9_9
https://doi.org/10.1007/978-981-19-9055-9_9
https://doi.org/10.2139/ssrn.4986203
https://doi.org/10.1186/s40536-023-00161-6
https://doi.org/10.1186/s40536-023-00161-6
https://doi.org/10.1016/j.childyouth.2024.107647
https://doi.org/10.1016/j.childyouth.2024.107647
https://doi.org/10.3389/fpsyg.2022.986622

ISRA (India)  =6.317 SIS (USA)

=0.912

ICV (Poland) =6.630

. I1SI (Dubai, UAE) = 1.582 PHUHII (Russia) = 0.191 PIF (India) =1.940
Impact Factor: ¢ australia) =0564 ESJI(KZ)  =8100  IBI (India) = 4.260
JIF =1500  SJIF (Morocco) = 6.004  OAJI (USA)  =0.350

Issue Avrticle

SOI: 1.1/TAS DOI: 10.15863/TAS

International Scientific Journal
Theoretical & Applied Science
p-ISSN: 2308-4944 (print)  e-1SSN: 2409-0085 (online)
Year: 2026 Issue: 07  Volume: 159

Received: 21.07.2026 . .
Accepted/Published:  30.07.2026  Nttps://T-Science.org

Giorgi Purtskhvanidze

Akaki Tsereteli State University

Doctor, Professor, Construction and Transport Department,
Transport Traffic Direction, Georgia, Kutaisi

ORCID ID: 0000-0002-2389-9827

e-mail: gia58-58@mail.ru

Zaza Shubladze

Batumi State Maritime Academy

Doctor, Professor, Head of the Quality
Assurance Service of the Faculty of Engineering, Georgia, Batumi
ORCID ID: 0000-0001-6383-019X

e-mail: z.shubladze @bsma.edu.ge

Tsiuri Kurshubadze

Batumi State Maritime Academy

Doctor, Professor,

: Head of the bachelor’s program “Port Transportation Engineering”.

Georgia, Batumi

ORCID ID: 0009-0002-5422-2955

e-mail: ts.kurshubadze@bsma.edu.ge

Makvala Bekirishvili

Batumi State Maritime Academy

Doctor, Associate Professor,
Head of the bachelor’s program “Port Transportation Engineering”.

Georgia, Batumi

ORCID ID: 0000-0002-2140-4878

e-mail: m.bekirishvili@bsma.edu.ge

Vladimer Gvetadze

Akaki Tsereteli State University

Doctor, Associate Professor,

Construction and Transport Department, Georgia, Kutaisi

e-mail: vladimer.qgvetadze @atsu.edu.qge

ANALYSIS OF THE TEMPERATURE AND THERMAL STRESS STATE

OF MARINE ENGINE COMPONENTS

Abstract: Maintaining the temperature and thermal stress of engine components within permissible limits is

impossible without some heat loss. It has been established that only 35-45% of the thermal energy is converted into
useful (effective) energy. To determine the thermal stress experienced by individual components, the heat released in
the cylinder must be apportioned among them. The engine's thermal balance makes it possible to assess the degree
of heat utilization, quantify heat losses, and evaluate the potential for reducing them. In turn, the degree of heat
utilization can be improved through the recovery of waste heat.
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The thermal stress of engine components is determined not only by the magnitude of the thermal balance
components, but also by the heat flux density and intensity. The bottom of the cylinder heads and the piston crown
are characterized by the highest heat flux densities. The result of the thermal stress magnitude is the mechanical
properties of materials, which determines the reliability and durability of components and assemblies. The thermal
stress of engine components can be assessed using various criteria.

Key words: heat flux density and intensity; thermal stress; useful energy; heat utilization efficiency; heat losses;
thermal energy recovery; mechanical properties of materials; reliability and durability of components.
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Introduction

The work process in internal combustion engines
involves the release of a large amount of heat in the
engine cylinder due to fuel combustion, which causes
periodic increases in the temperature of the cylinder
and piston group components. Under high-pressure,
sealed conditions, contact between hot gases and the
combustion chamber, cylinder head, cylinder, and
piston surfaces causes overheating, which can lead to
oil burning, increased friction, component failure, and
other issues. Reliable and long-term operation of
engine mechanisms is only possible under strictly
defined thermal conditions. Overheating causes the
thermal expansion of components, leading to
deterioration or complete seizure of moving parts. It
also reduces cylinder filling, causes oil coking, and
can lead to the failure of the valve plate, cylinder head,
and other components. In the case of excessive
cooling, mixture formation deteriorates, thermal and
mechanical losses increase, and wear intensifies.

To avoid these problems and ensure normal
engine operation, it is necessary to select a cooling
system that maintains the optimum temperature of the
engine components within the optimal operating
range.

The heat transfer process occurring in the
cylinder of an internal combustion engine is a highly
complex physical phenomenon, as it involves
radiation, conduction, and convection simultaneously
[1,2]. At the initial stage, during the ignition and
combustion of the fuel-air mixture, radiant energy is
transferred to the walls of the combustion chamber
and the cylinder head.

At the next stage, convective heat transfer occurs
between the coolant and the walls of the cooling
jacket. The intensity of this process depends on both
structural parameters and the properties of the cooling
medium. In other words, the intensity of convective
heat transfer is determined by the flow dynamics and
the microstructure of the moving medium [3].

As Purtskhvanidze, G., Lejava, M., Shubladze,
Z., Gvetadze, V., & Zoidze, V. (2026) [4] noted that
»~from an energy perspective, heat transfer under
nuclear boiling conditions is more favorable because
the high heat transfer coefficient allows for efficient

Doi: &os¥ef https://dx.doi.org/10.15863/TAS.2026.07.159.4

heat removal from cooled surfaces at low coolant flow
rates*.

The reliability of marine engine operation is
affected by the water-chemical parameters in the
engine cooling system when various chemical
additives are used. This is presented in the paper
Purtskhvanidze, G., Lejava, M., Shubladze, Z.,
Kamladze, A., & Kiknadze, M. (2026) [5], “During
the research, it was noted that when additives are used,
the enhancement of the anti-corrosion protective
effect is associated with an increase in fluid
temperature, which is an important factor in
maintaining the protective properties of the additives
in high-temperature cooling systems.”

Basic part: The thermal energy released during
fuel combustion in the engine cylinder cannot be fully
converted into useful work because it is impossible to
maintain the temperature and thermal stresses of the
engine components within permissible limits without
dissipating a portion of the generated heat In modern
transport internal combustion engines, depending on
their design, type, and quality of the work process, 35—
50% of the released thermal energy is converted into
effective work, while the rest is distributed among
various types of losses.

To determine the thermal and temperature
stresses of engine components, it is necessary to know
how the heat released in the engine cylinder is
distributed among its various components. This
distribution is referred to as the external heat balance.

The external heat balance allows us to assess the
extent of heat utilization, quantify thermal losses, and
evaluate the potential for reducing them. It identifies
effective ways to utilize the energy of the exhaust
gases, design the main elements of the cooling system,
and improve engine performance. It should be noted
that changes in the engine’s speed and load
characteristics significantly affect the components of
the heat balance. Therefore, for marine engines, the
heat balance equation is derived with external speed
for load and propeller characteristics. The heat
balance equation is drawn up in absolute units per 1
kg or 1 m?® of fuel consumed during 1 hour of engine
operation. The heat balance equation for the external
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speed characteristic of a combined engine, expressed
in absolute units, is written as follows:

Q=0+ Qs + Qe.g. + Qur. + Qs (1)
where Q - is the total amount of heat released as a
result of fuel combustion in the engine cylinder.

Q=Gep+ Hy (2)
where G, - is the amount of fuel consumed by the
engine in 1 hour, and H,- is the lowest heat of
combustion of the fuel.

Q. = 632 Ne kcal/hr - is the heat equivalent of
the work performed by the engine.

Q. - is the amount of heat transferred to the
cooling agent by the engine. If we determine the
amount of coolant G, passing through the cooling
jackets per unit time and measure the temperatures at
the inlet and outlet of the system, then the amount of
heat transferred to the cooling system is as follows:

Qes. = Gi - c(t; — t,), (3)
where ¢ - is the specific heat capacity of the cooling
agent.

Qe.g. - is the amount of heat carried away by the
exhaust gases leaving the cylinder, and it can be
written that

Qe.g. = Qe.g.ent. + Qinc.com. (4)
where Q. g.ene. - is the enthalpy of the exhaust gases,
and Qinc.com.- IS the thermal energy lost due to the
incomplete combustion of heat.

Qyupr- 1S the amount of heat removed by the oil
during the lubrication process;

Q.. - heat spent on the operation of various
auxiliary mechanisms of the engine.

In most cases, the heat balance equation is
written using relative quantities, where each
component is expressed as a percentage.
de + Ge.s. + qe.g. + Qinc.com. + 90 + qsn. = 100% (5)

Table 1 presents the average values of the
individual components of the external heat balance of
a diesel engine during operation at nominal operation
of the engine.

Table 1 - Values of the components of the external heat balance of various types of engines

Type of engine qe Ge.s. Qe.g. Qinc.com. 4o 4s.n.
Aspirate  diesel 29-42 20-35 25-40 0-5 2-4 2-7
engine
Supercharged 40-48 10-18 20-40 0-7 4-8 2-5
engine

As shown in Table 1, 52-78% of the thermal
energy released in the engine is accounted for by heat
losses, primarily via the exhaust gases and the cooling
system.

The degree of heat utilization can be increased
by recovering heat losses. For example, on high-

power vessels, the heat from exhaust gases is used in
waste-heat recovery boilers. In recent years, on low-
power vessels, exhaust gas heat has been utilized in
thermochemical generators. In combined marine
engines, 10-18% of the heat is removed by the cooling
system.

Table 2 - Heat balance components during operation of a river vessel’s diesel engine on propeller
characteristics

Heat balance components Loads, %
50 75 100
Equivalent heat for effective engine operation 25,7 30,5 33,6 354
Heat carried away by exhaust gases 24,8 26,2 27,0 25,0
Heat transferred to the coolant 413 34,8 31,9 33,5
Uncounted heat losses 8,2 8,5 7.5 6,1

The table shows that, at nominal operating
conditions, heat losses on the cooling water are
approximately equal to the heat used to perform useful
work, whereas at loads below 75%, the heat
transferred to the cooling water exceeds the useful
heat output.

Figure 1 illustrates a heat distribution graph
showing the variation of the balance components
during engine operation under different load
conditions.
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Fig. 1. Variation of external heat balance components depending on engine loads

The temperature and thermal stress state of
engine components are determined not only by the
magnitude of the thermal balance components, but
also by the heat flux density and intensity. As a rule,
the main heat-receiving surfaces are the bottom of the
cylinder heads, the cylinder liner mirrors, and the
piston crown. At the same time, the distribution of
heat flux from the working medium in the cylinder to
individual elements is significantly non-uniform.
Moreover, the underside of the cylinder head and the
piston crown exhibit the highest heat flux density.

Thermal stress in components refers to the
temperatures of the main components, which are
characterized by absolute temperature values and
temperature gradients. Their magnitude results in the
mechanical properties of materials, temperature
stresses, lubrication conditions of friction surfaces,
and other factors that directly determine the reliability
and durability of components and assemblies.

The concept of thermal stress refers to the
amount of heat removed from the unit heat-receiving
surface by the cooling system per unit time.

At = timax — tnin (6)

In turbocharged engines, the following formula
is recommended for assessing the thermal stress of the
piston-cylinder group components:

0,38
)@

_ 0,5 Tine )38 d
In=b-Cn” (1'36T—o) - (nv‘Pinz.
where b - is the proportionality coefficient, for four-
stroke engines, b =1,
P;,; - cylinder filling pressure, MPa;
Tinc- temperature of air entering the cylinder, K;
d — Cylinder diameter, dm;
m,, — coefficient of admission;
T, - air temperature under normal conditions.
Using the thermal stress factor q,,, the service
life can be determined by the following relationship:

T=2= U ®)

v 60qnpzk'm
where U;- limiting wear, determining the service life
of components;

k'- coefficient that takes into account the design
features of the engine;

n - engine crankshaft rotation frequency, min™;

pz - maximum cycle pressure, MPa;

g, — thermal stress factor.

If we assume that the Ilimiting wear of
components is proportional to the diameter of the

engine cylinder, then
d-103

T=k ©)

The thermal stress of the cylinder and piston
group components can be assessed using various
criteria. For example, the thermal stress developed on
the piston crown can be determined by the amount of
heat transferred to the cooling agent and expressed by
the formula:

Qp = vN.g. - H,
where N, - effective power per cylinder;

g. - effective specific fuel consumption;

H,, - lowest calorific power of fuel;

v - the portion of total heat removed by the piston
crown, with oil cooling v = 0,04 - 0,06, with water
cooling v = 0,06 — 0,009.

In recent years, the finite element method and the
control volume method have been widely used to
determine the local temperature of components and
their thermal stress state [6]. In this case, the amount
of heat transferred during the cycle to a surface with
an area AF is determined by the formula [7]:

(10)

Q=AF - [°a(T - T,,)dt (11)
while in the equivalent steady-state mode:
Q = toa (Toq)AF (12)

where a — is the average equivalent coefficient of heat
transfer.

T,q and T,, — the average equivalent temperatures
of the gas and the wall.

From equations (1.11) and (1.12), we obtain the
equivalent heat transfer parameters for the steady-
state mode
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a (Toq — Ty)to = fot" a(T —=T,)dt  (13) Every component, based on its design properties

If we assume that T, =T,, we obtain a
simplified formula for determining the equivalent heat
transfer parameters:

1 rt
Uoqg = Uy = gfoo adt (14)
from which
T, = ar, (15)

Xay

and operating conditions, has a maximum permissible
temperature. For example, for components made of
aluminum alloys, the maximum temperature should
not exceed 250-300°C; for cast iron components, this
value is 400-450°C, and for alloyed steels — 450-
500°C. [7].

Table 3 presents the limiting temperatures for the
components of the piston-cylinder group made of
various materials.

Table 3 - The limiting temperatures for the components of the piston-cylinder group

Piston crown temperature Light-metal alloy Al-1 2000-250 °C

Light-metal alloy Al-4 300-350 °C

Steel 400-475 °C

Cast iron 400-250 °C

Temperature in the zone of the No 1 ring of the piston 200-210 °C
Cylinder face temperature in the head-land ring 200 °C

Exceeding these temperatures leads to changes in
the metal structure and deterioration of its physical
properties, resulting in an immediate reduction in
component reliability. In this regard, some countries
have conducted research into thermal insulation of
relatively heated components, which causes changes
in the thermal state of engine components [8, 9]. It
should also be noted that, in some cases, thermal
insulation of the combustion chamber has resulted in
reduced engine efficiency due to changes in the
working process and increased heat losses. This
phenomenon results from changes in mixture
formation, ignition, and combustion processes, as well
as an increase in the radiative component of heat
transfer within the cylinder. Consequently, the use of
ceramic materials is not considered acceptable in
either modern or future marine diesel engines, which
are required to ensure high efficiency and long service
life.

Thus, only a liquid cooling system can ensure
reliable operation of a marine engine over a long
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Conclusions

Based on the research and analysis conducted,
the following conclusions can be drawn:

- The thermal balance of the engine allows
assessment of the degree of heat utilization, heat
losses, and potential ways to reduce them;

- The degree of heat utilization can be
increased by recovering heat losses;
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heat output, whereas at nominal load conditions, they
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MODELING AND ANALYSIS OF THE SHEET METAL DRAWING
PROCESS TAKING INTO ACCOUNT NORMAL AND SHEAR STRESSES

Abstract: During the drawing process, the metal sheet is subjected to various types of deformation. To evaluate
the stress and strain state of the material after drawing under the same conditions, several grades of steel, a
deformable aluminum alloy, and commercially pure titanium were considered. The description of shear deformations
and tensile and compressive deformations of the materials under consideration was carried out using the calculated
maximum values of shear stress along three coordinate planes and normal stress along three coordinate axes.
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1. Introduction stresses occurring in the material. Despite significant
The sheet metal drawing process is a key step in progress, challenges remain in managing residual
the production of complex metal parts and requires stress distribution and preventing defects such as
careful consideration of both normal and shear thinning and excessive deformation.
[ ]
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In recent years, research in the field of deep
drawing has focused on modeling and experimental
analysis methods, as evidenced by the work of EI-Garf
et al. [1], who conducted a comprehensive study using
simulations and experiments to understand the
formation process of cylindrical cups. Hartmann and
Volk [2] and Serebrennikova et al. [8] study the
forming of hybrid parts, emphasizing the influence of
process parameters on product quality. An important
aspect is the analysis of residual stresses and their
influence on the properties of materials, which is
investigated in the works of Zein et al. [3], Danckert
[4], and in the latest publications of Zalawa and Medei
et al. [5-7]. Modern methods, including the use of
artificial neural networks for stress prediction, show
promise for improving modeling accuracy [9-10].

The aim of this study is to apply computer
modeling for a comprehensive analysis of the drawing
process of thin-walled housing parts, taking into
account normal and shear stresses in the deformed
material, which will optimize the technological
process and improve the quality of final products
made of steel, deformable aluminum alloy and
commercially pure titanium.

2. Materials and methods

To calculate the stress state of a three-
dimensional model of sheet metal with a thickness of
0.8 mm, the LS-DYNA special program was used.
The process of modeling the drawing of a square metal
sheet was carried out to a depth of 20 mm. Since the
object of study was a sheet metal model, the remaining
models of the drawing die (punch, die and
blankholder) were created as absolutely rigid bodies.
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Figure 1. Model
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In this case, the accuracy of the modeling results was
achieved by assigning to the sheet models the
Lankford coefficients, strain hardening exponents,
physical and mechanical properties of DCO01 structural
high-quality carbon steel, DC05 high-quality cold-
rolled low-carbon steel, AISI 304 austenitic stainless
steel, S355MC high-strength low-alloy steel, 5754
deformable aluminum alloy, and Ti Grade 4
commercially pure titanium.

The calculated values of the stress state of each
model after drawing were taken from the parameters
of x-stress, y-stress and z-stress, which characterize
the normal stresses arising in the material along the
corresponding coordinate axes and from the
parameters of xy-stress, yz-stress and zx-stress, which
characterize the shear stresses arising in the material
along the corresponding coordinate planes.

3. Results and discussion

Figure 1 shows the deformed geometry of a
square metal sheet model after a drawing process to a
depth of 20 mm. The model reflects characteristic
changes in shape, which is important for assessing the
manufacturability and reliability of processing.

Table 1 shows the calculated values of normal
stresses (o) and shear stresses (z) for various grades of
steel, deformable aluminum alloy and commercially
pure titanium along three coordinate axes and planes,
respectively. Negative normal stress values indicate
compression regions, while positive values indicate
tension regions. Shear stresses with a positive sign are
oriented along the positive direction of the coordinate
axis on the face with a positive normal, and negative
ones are oriented in the opposite direction.

of

etal sheet after drawing.

Table 1. Calculated values of normal and shear stresses in the material of the part along the coordinate
axes of X, Y, Z and coordinate planes of XY, YZ, ZX.

DCO1 structural high-quality carbon steel
ox, MPa -409.981 446.834
oy, MPa -461.286 445.416
0z, MPa -32.517 350.354
L)
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Txy, MPa -108.263 316.76
7y, MPa -47.1775 231.404
7, MPa -61.5755 219.193
DCO5 high-quality cold-rolled low-carbon steel
ox, MPa -365.508 455.794
oy, MPa -419.436 456.5
oz, MPa -51.216 349.127
Txy, MPa -87.4779 302.985
7y, MPa -50.7705 234.896
T, MPa -53.0267 224.666
S355MC high-strength low-alloy steel
ox, MPa -523.616 1172.81
oy, MPa -522.54 1331.52
oz, MPa -231.783 826.302
Txy, MPa -203.332 386.024
7y, MPa -238.873 731.7
7, MPa -197.838 539.682
AISI 304 austenitic stainless steel
ox, MPa -425.68 420.822
oy, MPa -478.401 425.885
oz, MPa -26.136 327.19
Txy, MPa -118.053 321.791
7y, MPa -34.8687 216.723
7, MPa -53.851 203.703
5754 deformable aluminum alloy
ox, MPa -164.6 210.079
oy, MPa -187.918 213.868
oz, MPa -18.7518 223.423
Txy, MPa -57.2409 145.954
7y, MPa -37.7327 122.015
7, MPa -33.0665 117.408
Ti Grade 4 commercially pure titanium
ox, MPa -658.116 1289.89
ay, MPa -694.225 1165.49
o, MPa -47.2773 1320.11
Txy, MPa -199.486 597.837
7y, MPa -218.952 593.169
Tz, MPa -217.1 588.064
Data analysis shows that all materials exhibit 4. Conclusion

significant stress states, with maximum normal and
shear stress values occurring on the X and Y axes.
Particularly high stresses are characteristic of
S355MC high-strength low-alloy steel and Ti Grade 4
commercially pure titanium, indicating their high
strength and simultaneous difficulty in deformation.
At the same time, the 5754 deformable aluminum
alloy exhibits the lowest stress values, which is
associated with its higher ductility and lower strength.

This stress distribution indicates non-uniform
deformation in the drawing zone: the central sections
experience tension, while the peripheral sections
experience compression. High shear stresses indicate
the presence of significant shear deformations, which
is important to consider when designing a process to
prevent cracks and surface defects in the housing part.

During the study, a detailed calculation of the
stress and strain state was carried out for various
grades of steel, deformable aluminum alloy, and
commercially pure titanium, which made it possible to
obtain quantitative values of normal and shear
stresses. The highest values of normal stresses along
the X and Y axes were recorded for Ti Grade 4
commercially pure titanium — up to 1289.89 MPa and
1165.49 MPa, respectively, as well as for S355MC
high-strength low-alloy steel with maximum values of
up to 1172.81 MPa and 1331.52 MPa. The shear
stresses of zyy, 7y; and 7z« also reached maximum values
for these materials, which indicates their high strength
and ability to withstand complex loads.

DCO01 and DCO5 steels, as well as AISI 304
austenitic stainless steel, showed moderate stress
values, making them optimal for structures requiring
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strength and ductility. In contrast, the 5754 optimize the design and selection of materials

deformable aluminum alloy is characterized by
significantly lower stress values, which corresponds
to its use in lightweight structures and products with
low weight requirements.

The practical value of the results lies in the
possibility of using the obtained calculation data to
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HYDROCHEMICAL INVESTIGATION OF BIOLOGICALLY ACTIVE
IONS IN THE SPRING WATERS OF SUJUNA VILLAGE, ABASHA
MUNICIPALITY, SAMEGRELO-ZEMO SVANETI REGION, GEORGIA

Abstract: The present study investigates the hydrochemical composition of spring waters located in Sujuna

Village, Abasha Municipality, Samegrelo—Zemo Svaneti Region, Georgia. The research aimed to determine the
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concentrations of biologically active and environmentally significant physicochemical parameters, including pH,
total hardness, magnesium (Mg?), calcium (Ca??), total iron, copper (Cu?7), chloride (Cl°), bromide (Br),
bicarbonate (HCOj3 ), sulfate (SO.?), total arsenic, permanganate oxidizability, dissolved oxygen (DO), biochemical
oxygen demand (BOD;), and free carbon dioxide (CO_). Water samples collected from three natural springs were
analyzed using standard hydrochemical and photometric methods at the lason Moseshvili Hydrochemical
Laboratory, Department of Chemistry, Faculty of Exact and Natural Sciences, Akaki Tsereteli State University. The
obtained results revealed slight variations in the concentrations of the investigated parameters among the studied
springs. Most measured values complied with the requirements of the Georgian Technical Regulation for Drinking
Water, indicating satisfactory water quality for drinking and domestic use. A slight exceedance of the recommended
concentration of total arsenic was observed in the investigated springs, suggesting the need for continuous
environmental monitoring. The findings provide valuable baseline information on the hydrochemical characteristics
of spring waters in the study area and contribute to the assessment and sustainable management of local groundwater
resources.

Key words: spring water, hydrochemical analysis, biologically active ions, groundwater quality, drinking water,
Sujuna Village, Abasha Municipality, Georgia.
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Introduction

Water is one of the most essential natural
resources and plays a fundamental role in sustaining
human life, ecosystems, and economic development.
It is indispensable for domestic consumption,
agriculture, industry, energy production,
transportation, and environmental protection. The
availability of high-quality freshwater resources is
therefore of great importance for public health and
sustainable regional development.

Spring waters represent naturally discharged
groundwater that has undergone natural filtration
through geological formations. Owing to this process,
spring water is generally characterized by relatively
stable physicochemical properties and low levels of
contamination. The hydrochemical composition of
spring water is primarily controlled by the geological
structure of the aquifer, the mineral composition of
rocks, climatic conditions, and groundwater residence
time. Consequently, the concentrations of dissolved
ions may vary considerably among springs located
even within the same geographical region.

Natural waters contain numerous dissolved
mineral components, among which calcium (Ca?*),
magnesium (Mg2"), bicarbonate (HCO3"), chloride
(CI"), sulfate (SO,27), iron, and trace elements are of

particular importance. These constituents influence
water  hardness,  mineralization,  organoleptic
properties, and its suitability for drinking and
domestic purposes. Continuous monitoring of these
parameters is therefore essential for protecting water
resources and ensuring compliance with drinking
water quality standards.

Abasha Municipality is situated in the southern
part of the Samegrelo-Zemo Svaneti Region in
western Georgia. The municipality is characterized by
abundant groundwater resources, rivers, wetlands, and
favorable hydrogeological conditions that promote the
formation of numerous natural springs. Despite the
widespread local use of spring water, comprehensive
hydrochemical investigations of many springs in the
municipality remain limited.

The present study aims to evaluate the
hydrochemical characteristics of spring waters in
Sujuna Village, Abasha Municipality, by determining
the concentrations of major biologically active ions
and selected physicochemical indicators. The
obtained results provide valuable information on
groundwater quality, assess compliance with the
Georgian Technical Regulation for Drinking Water,
and contribute to the sustainable management and
protection of local water resources.
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Pic.1 - Abasha Municipality
Abashi Municipality: The study was conducted Municipality,  following  standard  sampling
in Sujuna Village, located in Abasha Municipality, procedures for  hydrochemical investigations.

Samegrelo-Zemo Svaneti Region, western Georgia.
Abasha Municipality occupies the southern part of the
Samegrelo-Zemo Svaneti Region and borders
Martvili Municipality to the north, Khoni and
Samtredia Municipalities to the east, Lanchkhuti
Municipality to the south, and Senaki Municipality to
the west.

The municipality is situated within a lowland
area at an elevation of approximately 20-50 m above
sea level. The relief is predominantly flat and
composed of Quaternary alluvial deposits, including
gravel, sand, and clay. The hydrographic network is
well developed and includes the Rioni, Abasha,
Tskhenistskali, Tekhuri, Noghela, Kovza, and Zana
rivers, together with numerous drainage canals and
wetlands. These geological and hydrological
conditions favor groundwater recharge and the
formation of natural springs.

Three representative springs located in Sujuna
Village were selected for investigation. Water
samples were collected from the Sujuna Spring, the
Sabashvilebi Spring, and the Makalatia Spring. These
springs are widely used by the local population as
sources of drinking water and for domestic purposes.
Their hydrochemical characterization is therefore
important for assessing water quality, ensuring safe
use, and establishing baseline data for future
environmental monitoring.

Experimental Part. Methodology for
determination of chemical Elements in Water.
Water samples were collected from three natural
springs located in Sujuna Village, Abasha

Laboratory analyses were performed at the lason
Moseshvili Hydrochemical Laboratory, Department
of Chemistry, Faculty of Exact and Natural Sciences,
Akaki Tsereteli State University.

The physicochemical characteristics of the water
samples were determined using standard analytical
methods widely employed in hydrochemical studies.
The pH values were measured potentiometrically.
Total hardness, calcium (Ca?*), and magnesium
(Mg?*)  concentrations  were  determined by
complexometric titration using EDTA. Bicarbonate
(HCO37) concentrations were measured by
acidimetric titration, while chloride (CI7) ions were
determined using the mercurimetric method.

Total iron and copper concentrations were
analyzed spectrophotometrically using a UN-5100B
UVIVIS spectrophotometer following appropriate
sample preparation procedures. Sulfate (SO,?7)
concentrations were determined gravimetrically,
whereas bromide (Br~) and total arsenic were
analyzed using iodometric methods. Free carbon
dioxide (CO;) was determined by alkalimetric
titration, and permanganate oxidizability —was
evaluated by the permanganatometric method.
Dissolved oxygen (DO) and biochemical oxygen
demand (BODs) were determined according to the
Winkler iodometric procedure.

All analytical determinations were performed in
accordance  with  established  hydrochemical
laboratory protocols, and the obtained results were
evaluated with reference to the Georgian Technical
Regulation for Drinking Water.
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Results and Discussion. The analytical results slight variations among the sampling sites, indicating

obtained for the three investigated springs of Sujuna
Village are presented in Table 1. The hydrochemical
composition of the spring waters demonstrates only

generally similar hydrogeological conditions within
the study area.

Table 1. Hydrochemical Characteristics of Spring Waters in Sujuna Village, Abasha Municipality,
Samegrelo—Zemo Svaneti Region, Georgia
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The measured pH values ranged from 7.2 to 7.5,
indicating neutral to slightly alkaline water, which is
considered favorable for drinking purposes. Water
hardness varied between 3.96 and 4.24 mg-eq/L, with
the highest value recorded in the Sabashvilebi Spring
and the lowest in the Makalatia Spring. These results
classify the investigated waters as moderately hard,
reflecting the dissolution of calcium- and magnesium-
bearing minerals.

Magnesium concentrations ranged from 19.03 to
21.00 mg/L, while calcium concentrations varied
from 48.00 to 51.20 mg/L. Calcium was the dominant
alkaline earth metal in all investigated springs,
indicating that groundwater chemistry is primarily
controlled by natural interactions between water and
carbonate-bearing geological formations.

The concentrations of total iron and copper were
very low in all investigated samples. Total iron was
below the analytical detection limit in the
Sabashvilebi Spring and reached a maximum value of
0.066 mg/L in the Makalatia Spring. Copper was not

detected in the Makalatia Spring, while only trace
concentrations were measured in the remaining
springs. These findings indicate the absence of
significant contamination from iron- and copper-
bearing sources.

Among the major anions, chloride
concentrations ranged from 8.38 to 11.36 mg/L,
whereas bicarbonate concentrations varied between
448 and 4.92 mg/L. The relatively stable
concentrations of these ions suggest that the
investigated groundwater is controlled mainly by
natural  geochemical processes rather than
anthropogenic pollution.

Bromide concentrations exhibited noticeable
variation among the investigated springs, with the
highest value observed in the Makalatia Spring.
Sulfate concentrations remained low in all samples,
ranging from 0.0063 to 0.0855 mg/L, indicating
insignificant sulfate enrichment of the groundwater.

The concentration of free carbon dioxide ranged
from 0.30 to 0.44 mg/L, while dissolved oxygen
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varied between 1.37 and 1.70 mg/L. The highest
biochemical oxygen demand (BODs) was recorded in
the Sujuna Spring (24.96 mg/L), whereas the lowest
value was measured in the Sabashvilebi Spring (20.42
mg/L). The observed differences most likely reflect
natural hydrogeochemical conditions rather than
anthropogenic impacts.

Permanganate oxidizability values remained
low, indicating a limited amount of oxidizable organic
matter in the investigated waters. Total arsenic
concentrations ranged from 0.010 to 0.012 mg/L.
Although these values are close to the maximum
permissible concentration established by the Georgian
Technical Regulation for Drinking Water, they
indicate that periodic monitoring should be continued
to ensure long-term water quality and consumer
safety.

Overall, the hydrochemical characteristics
demonstrate that the investigated spring waters
possess stable physicochemical properties and are
generally suitable for drinking and domestic use. The
obtained results provide an important scientific basis
for future groundwater quality monitoring and
environmental management in Abasha Municipality.

Conclusion

This study presents a comprehensive
hydrochemical assessment of three natural springs
located in Sujuna Village, Abasha Municipality,
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